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Behavioral  Sciences 


New  Information  Technologies  and  Technical  Education: 
The  Experience  of  Sweden,  France,  and  West  Germany  .. 


.  .  Richard  E.  Snow 


Three  countries  pool  their  experiments  and  problems  in  adapting 
their  educational  systems  to  advances  in  computer  technology.  General 
policy  issues  for  future  planning  are  thereby  sharpened. 


The  Experimental  Psychology  Society:  Notes  on  Auditory 

Perception,  Working  Memory,  and  Circadian  Rhythm  .  Richard  E.  Snow 

The  most  recent  meeting  of  the  society  included  new  findings  on 
multiple  sources  of  information  in  auditory  intensity  judgments,  perio¬ 
dicity  detection  in  audition,  the  similarity  of  auditory  nonverbal  memory 
to  verbal  working  memory,  and  unique  circadian  rhythms  associated  with 
performance  where  working  memory  load  is  high. 


Biological  Sciences 


Hydrogels  Form  New  Basis  for  Drug  Delivery  in 

Systems  Being  Developed  by  Scottish  Firm; .  Thomas  C.  Rozzell 

Polvsystems,  Ltd.  has  been  set  up  Scotland  to  manufacture  and 
license  hydrogels  for  drug  delivery.  This  article  describes  the  Scottish 
research,  discusses  the  characteristics  and  uses  of  hydrogels,  and 
examines  how  hydrogels  may  benefit  military  medicine. 


Computer  Sciences 


Algebra,  Transformation  Theory,  and  Knowledge  Engineering 

Replace  Alchemy  at  Munich's  Technical  University  .  Paul  Roman 

The  Institute  for  Information  Science  at  Munich's  Technical  Univer¬ 
sity  is  trying  to  organize  software  development  and  computer  programming 
as  a  sequence  of  steps  of  rational  reasoning.  The  institute's  director. 
Professor  F.L.  Bauer,  says  that  right  now  the  programmer's  day  is  "full 
of  alchemy,"  even  though  the  current  status  of  logic  programing  and  know¬ 
ledge  engineering  offers  highly  powerful,  rational,  and  cost-effective 
approaches . 


Alvey  Program  Funds  MMI  Projects  .  Larry  E.  Shaffer 

The  UK's  Alvey  Directorate  has  funded  the  following  projects  dealing 
with  the  man-machine  interface  (MMI):  voice-operated  database,  intona¬ 
tion  in  computer-generated  dialogue,  MMI  in  command  control,  interactive 
computer  systems,  adaptive  intelligent  dialogues,  object  identification 
from  two-dimensional  images,  and  speech  interfacing  and  phonetic  algo- 
r l thms . 
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Material  Sciences 


Lulea  University — A  Hot  Spot  for  Materials 
Research  in  the  Frozen  North  . 


Kenneth  D.  Challenger 


The  Materials  Engineering  Department  of  Sweden's  Lulea  University  of 
Technology  /.is  at  the  forefront  of  research  in  certain  areas  of  materials 
science.  This  article  highlights  work  on  structural  ceramics,  dual  phase 
steels,  hot  isostatic  pressing  maps,  welding  maps,  laser  hardening  of 
steel  surfaces,  and  the  stability  of  precipitates  in  microalloyed  steel. 


Mechanics 

Fluid  Dynamics  at  the  von  Karman  Institute  .  Charles  J.  Holland 

The  von  Karman  Institute  (VKI)  in  Brussels,  Belgium,  is  an  interna¬ 
tional  center  for  education  and  research  in  fluid  dynamics.  This  article 
describes  the  VKI's  education  programs  and  its  research  on  hypersonic, 
supersonic,  and  high  subsonic  phenomena. 


LEBUs  at  Saltsiobaden  .  Patrick  Leehey 

Large  eddy  breakup  devices  (LEBUs)  were  a  principal  topic  for  dis¬ 
cussion  at  EUROMECH  181,  held  in  Sa Its jobaden ,  Sweden,  from  29  through  31 
August  1984.  Thin  ribbons  placed  in  tandem  across  the  outer  portion  of  a 
turbulent  boundary  layer  provide  marked  reduction  in  frictional  coeffi¬ 
cient,  but  a  total  drag  reduction  of  at  most  5  percent  experimentally  to 
date . 


1984  Ship-Hydrodynamics  Meetings  .  Choung  M.  Lee 

Two  important  technical  meetings  on  ship  hydrodynamics  were  held  in 
September  1984.  This  article  covers  highlights  of  the  15th  Symposium  on 
Naval  Hydrodynamics  and  the  17th  International  Towing  Tank  Conference. 


Physics 


Lasers  and  Laser  Accelerators  at  Rutherford 
Appleton  Laboratories,  UK  . 


Paul  Roman 


Advanced  methods  for  generating  front-line  laser  systems  and  ultra- 
high-energy  beams  of  charged  particles  are  the  focus  of  several  projects 
of  the  Central  Laser  Facility  at  the  UK's  Rutherford  Appleton  Labora¬ 
tories.  This  article  surveys  laser  development  and  research  and  examines 
work  on  beat-wave  laser  accelerators. 


Laser  Research  at  Imperial  College,  London  .  Paul  Roman 

Laser  research  in  the  optical  section  of  Imperial  College's  Physics 
Department  focuses  on  the  following  areas:  narrow  bandwidth  tunable  VUV 
lasers,  Brillouin  scattering  and  applications,  mode-locked  ring  CW  dye 
lasers,  color-center  lasers,  and  mode-locked  semiconductor  lasers. 
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New  Directions  at  an  Old  Department:  Gyrotron  and 
Fiber  Sensor  Research  at  King's  College  . 


Paul  Roman 


The  Electronic  and  Electrical  Engineering  Department  of  King's 
College,  London,  is  rapidly  changing  its  profile.  Research  in  the 
forefront  of  gyrotron  theory  as  well  as  a  new  research  group  for  fiber 
sensors  testify  to  the  department's  enthusiasm,  flexibility,  and  talent. 


Science  Policy 


R&D  Support  Increasing  in  OECD  Countries  .  Larry  E.  Shaffer 

The  Organization  for  Economic  Cooperation  and  Development  (OECD)  has 
published  a  report  that  focuses  on  trends  in  the  funding  and  structure  of 
national  R&D  efforts  in  the  1970s  and  examines  prospects  for  the  1980s. 
This  article  discusses  some  of  the  report's  findings  in  three  areas: 
national  R&D  trends  in  OECD  countries,  government  support  for  R&D,  and 
industrial  R&D . 


Swedish  Defense  Policy  and  R&D  Activity  ' .  CAPT  L.  Laddie  Coburn,  USN 

Sweden  is  the  leading  industrial,  economic,  scientific,  and  military 
power  in  Scandinavia.  This  article  surveys  Sweden's  defense  organization 
and  examines  the  work  of  the  National  Defence  Research  Institute  and  the 
Defence  Materiel  Administration. 


Space  Sciences 


ESA's  Future  Program  in  Earth  Observations  .  Norman  F.  Ness 

The  European  Space  Agency  has  published  a  report.  Looking  Down a 
Looking  Forward,  which  discusses  future  work  in  Earth  observation.  This 
article  discusses  the  four  key  areas  for  missions  identified  by  ■  the 
report:  meteorological  research,  ocean/ice  observations,  land-surface 
monitoring,  and  solid-Earth  geophysics. 


News  and  Notes 


Acoustic  Radiation  Impedance  Studies  at 

Imperial  College  .  Patrick  Leehey 

UK  Sets  Up  Space  Center,  Gives  E7M  to 

European  Projects  .  Larry  E.  Shaffer 

Special  Issue  on  School  Psychology  .  Richard  E.  Snow 

NATO  Advanced  Research  Workshop  on  Stress 

and  Task  Demands  .  Richard  E.  Snow 

Cognitive  Processes  in  Student  Learning  .  Richard  E.  Snow 

Fifth  European  Annual  Conference  on  Human 

Decision  Making  and  Manual  Control  .  Richard  E.  Snow 

British  Psychology  Survey  . :  .  Richard  E.  Snow 

A  New  Journal  for  Submicron  Science  .  Paul  Roman 
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ONRL  Cosponsored  Conferences 


European  Visitors  to  the  US  Sponsored  by  ONRL 


Science  Newsbriefs 


Military  Applications  Summary  Bulletins 


ONRL  Reports 


ESN  Invites  Letters  to  the  Editor 

ESN  publishes  selected  letters  related  to  developments  and  policy  in  science  and 
technology  in  Europe  and  the  Middle  East  or  to  interactions  between  the  US  and 
Europe  and  the  Middle  East  in  science  and  technology. 

Letters  intended  for  publication  should  be  limited  to  250  words  and  should 
include  the  writer's  name,  address,  and  daytime  telephone  number.  Send  your 
contributions  to: 


The  Editor 
ESN 

Office  of  Naval  Research,  London 
Box  39 

FPO,  NY  09510 

Not  all  letters  can  be  used;  letters  may  be  edited  for  reasons  of  space  and 
clarity . 
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Behavioral  Sciences 


NEW  INFORMATION  TECHNOLOGIES  AND  TECHNI- 
CAL  EDUCATION:  THE  EXPERIENCE  OF  SWEDEN, 
TRANCE,  AND  WEST  GERMANY 

bit  Pickard  F.  l  /•.  .’new  :  p  the 

Liaison  Scientist  for  Psychology  in 
Furor, c  and  the  fiddle  Fast  for  the 
'■ffice  of  .'.aval  research's  London  ° ranch 
ffice.  lie  is  on  leave  until  September 
I  from  Stan  for:  '.'riverpitu ,  where  he 
is  Professor  of  i duo  at  inn  and  Psychol- 


The  advance  of  science  and  technol¬ 
ogy  is  critical  for  national  economic 
health.  New  developments  in  this  advance 
have  major  impact  on  labor  markets 
through  their  demands  for  new  kinds  of 
knowledge  and  skill  from  trained  person¬ 
nel.  But  the  educational  systems  of 
most  Western  countries  are  relatively 
autonomous,  and  thus  slow  to  respond  to 
such  demands  for  change.  How  are  these 
educational  systems  responding  to  the 
rapid  development  of  new  information 
technologies  (NIT)  in  recent  years?  How 
('Tin  they  be  better  adapted  to  meet  the 
demands  of  this  development? 

These  questions  motivated  a  survey 
of  the  experiences  of  three  major  indus¬ 
trial  countries  in  Europe  that  face  this 
problem.  The  survey  was  conducted  for 
the  Organisation  for  Strategic  Labor- 
Market  Research  in  The  Hague,  The 
Netherlands.  A  report  in  English  is  now 
available,  authored  by  Jallade  (1984), 
based  on  the  detailed  country  reports  of 
Griinewald  (1984)  for  West  Germany, 
Bertrand  (1984)  for  France,  and  Mvrberg 
(1984)  for  Sweden. 

Sweden 

The  Swedish  educational  system  is 
based  on  the  comprehensive  school  at  the 
upper  secondary  level  that  integrates 
vocational,  technical,  and  general  edu¬ 
cational  programs.  Up  to  1975,  however, 
the  main  providers  of  NIT  competence 
were  industrially  based  training  pro- 
qrams.  Although  an  increasing  number  of 
students  are  choosing  vocational  or 
technical  programs  in  secondary  school 
(74  percent  in  1983),  only  a  few  of  the 
50  specializations  available  are  NIT- 
related.  The  NIT-related  programs  are 
unable  to  keep  up  with  the  demand  for 
trained  persons.  It  is  estimated  that 
about  i  percent  of  the  labor  force  (of 
about  4  million)  can  be  considered  NIT 
specialists  and  7  percent  can  be  called 


qualified  users,  in  jobs  where  NIT  com¬ 
petence  is  commonly  required.  About  30 
percent  of  all  jobs  are  affected  somehow 
by  NIT. 

Direct  recruitment  of  NIT  special¬ 
ists  from  the  educational  system  has 
actually  decreased  in  recent  years  to 
about  33  percent  of  total  recruitment. 
About  60  percent  of  the  NIT  specialists 
come  from  other  occupations  through 
adult  retraining  programs;  these  are  the 
"double-qualification"  specialists.  It 
is  unlikely  that  the  secondary  school 
programs  can  fully  qualify  persons  as 
NIT  specialists,  but  they  must  provide  a 
level  of  education  that  prepares  stu¬ 
dents  for  industrially  based  further 
training  in  specialties  at  the  techni¬ 
cian  level  and  for  higher  education  at 
the  level  of  electronics  and  computer 
engineering.  However,  the  output  of 
engineers  leveled  off  in  Sweden  after 
1975  due  to  fewer  students  taking  sci¬ 
ence  in  secondary  school.  The  increas¬ 
ing  demand  for  engineers  and  the  high 
salaries  available  have  so  far  not 
increased  student  interest  in  science, 
which  is  considered  by  many  of  them  too 
difficult  a  subject.  There  is  concern 
also  that  the  level  of  science  and  math¬ 
ematics  education  available  in  secondary 
schools  is  insufficient  to  provide  many 
strong  candidates  for  advanced  NIT- 
related  programs. 

Several  adaptive  measures  have  been 
taken.  In  1975,  courses  in  programming 
and  computer  hardware  first  appeared  in 
secondary  schools.  Engineering  produc¬ 
tion  planning  and  economics  were  also 
introduced.  Computer  science  was  intro¬ 
duced  as  a  secondary  school  option  in 
1980.  Computer  literacy  courses  became 
a  mandatory  part  of  social  science  and 
science  education  in  the  compulsory  cur¬ 
riculum  in  1982.  A  minimum  of  2  hours 
per  week  must  be  devoted  to  NIT-related 
instruction  as  of  1983.  About  66  percent 
of  compulsory  secondary  schools  in 
1983-84  had  an  average  of  7.3  computers 
each.  BASIC  is  the  most  common  program¬ 
ming  language  being  taught.  Teacher 
training  in  NIT  is  now  top  priority. 
About  5000  teachers  per  year  will 
receive  basic  instruction  in  NIT.  At 
least  one  teacher  per  school  will  have 
advanced  training  so  that  every  school 
can  have  at  least  one  NIT  specialist. 

France 

In  France,  there  are  several  routes 
through  the  public  education  system  that 
lead  to  one  of  three  levels  of  technical 
competence:  the  qualified  worker,  re¬ 
quiring  10  or  11  years  of  education,  and 
sometimes  an  apprenticeship;  the  techni¬ 
cian,  requiring  completion  of  the 
secondary  education  technical  stream; 
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an:  the  ;  ••  ••  »•  •'  requiring  2 

s  s  of  post -secondary  study  in  short  - 
eye  !*•  hiaher  e ducat  tonal  institutions. 
Th.<-r»  is  j  1  uo  now  a  network  of  121  cen- 

•  <  :  s  far  young  .iduit  vocational  tra in¬ 
is-:;  'h’Si1  .•  ,urs--s  aim  increasingly  at 
th>-  t  .•  •hr.iei.ir.  .md  higher  technician 
level .  And  special  laws  enacted  in  1972 
and  I  9  6 1  pr  "ided  for  special  training 
prwqrar.s  in  industry.  However ,  only  a 
sm- 1 1  1  p  .  rt  ion  >r  these  upper t  unities  are 
-Jen  :t  rr.ed  with  NIT  specialities. 

NTT  personnel  are  divided  into  two 
o.iteg0ries  in  France:  specialists  and 

professional  users.  Specialists  are  fur¬ 
ther  divided  into  •■-Vo-, (essen¬ 

tially  software  specialists)  and 
■  ■■  >.  (essentially  hardware  spe¬ 

cialists).  Estimates  vary,  but  one  count 
suggest®  there  were  200,000  ;  Kforr.i  t  - 

in  1  983  .  Counting  ali  specialists 
and  professional  users,  there  were 
80  0,000.  This  is  3.6  percent  of  the 

labor  force.  In  another,  nonprofess ion- 
ai  user  category,  it  is  expected  that 
3  million  clerical  jobs,  for  example, 
will  be  affected  by  NIT.  It  is  also 
expected  that  the  line  between  special¬ 
ists  and  nonprofessional  users  will 
shift  in  the  coming  years,  as  special¬ 
ists  become  more  highly  specialized  and 
previously  complex  procedures  are  made 
simpler  for  nonprofessional  users. 

France  is  attempting  to  increase 
the  output  of  graduates  in  existing  edu¬ 
cational  programs  and  also  to  create  new 
degree  programs.  In  1982,  a  3-vear  plan 
was  instituted  to  increase  the  flow  of 
NTT-trained  engineers  by  50  percent  and 
higher  technicians  by  15  percent.  There 
was  a  slew  start,  but  numbers  are  now 
i ncreasing  at  these  higher  educational 
le'-els.  Increases  at  the  lower  levels 
of  technician  ar.d  qualified  user,  how¬ 
ever,  are  still  very  slow  and  small.  New 
l  r digrams  include  two  degree  programs  in 
electronics  and  three  in  informatics. 
Adult  retrainina  is  also  being  pushed. 
Beyond  these  educational  programs,  two 
others  deserve  special  note.  In  one, 
NIT  consulting  firms,  some  of  which  are 
the  biggest  in  Europe,  are  devoting 
about  3.5  percent  of  total  turnover  to 
‘heir  own  personnel  training.  These  are 
the  it  a  jor  producers  of  doubie-qua  1  i  f  iea- 
‘ ; on  specialists.  In  the  other  program, 
T-irMnq  j  r;  196  3  ,  university  graduates 
:  NIT-rr)  ated  fields  can  fulfill  their 

».-j  t  j  on  a  1  service  requirement  by  vol  un- 

•  •  ••  -r  *  e.ichirq  of  NIT  skills  to  young 
urn-mp I oyed  persons.  The  program  first 
l ;  V"s  spc'-inl  training  to  the?  trainers; 
‘  hey  th.»n  ‘".irh  in  one  of  10  training 
f'<  i .  *  ‘  ‘  r  s  for  periods  of  3  t  o  9  months.  In 
f-u-r.t  cpili'T  1985,  there  were  10,000  un- 
emp  I  <•  ycd  persons  being  trained  in  NIT  by 
tab  t i  jiner,  in  this  program. 


Most  observers  doubt  that  serious 
NIT  training  can  take  place  without  com¬ 
pleted  secondary  education  as  a  prere¬ 
quisite?.  Thus,  special  NIT  programs 
should  focus  on  higher  levels;  roust  tra¬ 
ditional  training  is  only  at  the  quali¬ 
fied  worker  level.  The  proper  duration 
and  content  of  NIT-training  programs  is 
also  a  controversial  issue.  Labor  market 
demand  presses  the  creation  of  short 
operational  courses  aimed  at  providing 
immediately  marketable  skills.  The  risk 
is  that  skills  so  trained  become  obso¬ 
lete  as  NIT  continues  to  develop. 
Placing  practical  training  in  industry 
and  theory  in  the  public  educational 
system  is  not  a  solution;  in  NIT,  theory 
and  practice  are  closely  and  dynamically 
interconnected.  There  is  also  not  con¬ 
sensus  on  what  the  fundamentals  of  NIT 
are  that  should  be  taught.  Alternative 
school-based  and  work-based  training  is 
thought  to  be  a  partial  solution,  at 
least . 

NIT-related  learning  for  general 
education  is  also  controversial.  Resist¬ 
ance  to  change  is  strong  in  this  sector 
in  France,  given  that  mass  retraining  of 
teachers  and  redesign  of  curricula  would 
be  required.  Since  1982,  200  new  posi¬ 
tions  per  year  for  NIT  teachers  have 
been  created  in  the  public  schools. 
Also,  teachers  from  math,  physics,  and 
mechanics  are  being  retrained.  Part-time 
teachers  from  industry  are  also  being 
recruited;  about  30  percent  of  teaching 
time  in  NIT  courses  will  be  filled  with 
such  teachers.  Plans  call  for  100,000 
microcomputers  to  be  operational  in 
schools  by  1988.  There  were  between 
12,000  and  20,000  in  mid-1984.  But 
600,000  would  be  needed  to  ensure  that 
each  student  has  20  minutes  of  daily 
contact  with  a  microcomputer. 

Other  serious  problems  remain. 
There  is  lack  of  student  interest  in 
technical  education  at  upper  secondary 
levels;  students  continue  to  prefer  more 
general  educational  programs.  The  com¬ 
missions  responsible  for  defining  cur¬ 
riculum  content  have  been  slow  moving 
and  bound  too  much  to  traditional  disci¬ 
plines.  Teachers'  lobbies  have  resisted 
change,  while  fiohting  to  get  the  best 
of  NTT,  instead  of  looking  toward 
adapting  the  school  curriculum  to  NIT. 
Finally,  the  French  system  is  highly 
centralized;  curriculum  reform  tradi¬ 
tionally  is  top-down  and  therefore  slow 
to  be  implemented.  This  sort  of  system 
makes  local  experiments  and  initiative 
largely  impossible. 

West  Germany 

In  the  West  German  view,  NIT  is  not 
likely  by  itself  to  determine  the  con¬ 
tent  of  nobs  and  a  new  structure*  of 


ESN  39-5  (1985) 


skills.  The  spread  of  NIT  in  industry 
is  left  to  private  firms.  Thus,  fore¬ 
casts  of  NIT-related  labor-force  needs 
are  of  little  value;  they  should  not  be 
targets  for  education  and  training  poli¬ 
cy.  Opinion  is  divided  as  to  the  impli¬ 
cations  of  NIT  for  education.  Some 
emphasize  the  importance  for  future  NIT 
of  developing  abstract,  theoretical 
thinking  abilities,  a  job  best  done  by 
basic  general  education,  not  vocational 
or  technical  training  programs.  Others 
urge  that  NIT  knowledge  development  can¬ 
not  be  divorced  from  training  closely 
linked  to  industry  operations. 

The  estimates  of  labor-force  ef¬ 
fects  of  NIT  that  have  beer,  made  indi¬ 
cate  that  3  percent  of  all  jobs  include 
a  major  NIT  component  now.  The  influ¬ 
ence  of  NIT  will  soon  be  felt  in  at 
least  7  percent  of  all  jobs.  Over  the 
next  10  to  13  years,  more  than  33  per¬ 
cent  of  ail  jobs  will  be  affected. 
Another  study  suggests  that  12  percent 
of  jobs  requiring  formal  vocational 
♦raininci  will  be  affected  by  NIT,  and 
that  about  33  percent  of  the  content  of 
these  training  programs  will  need  tc  to 
re vi sod . 

Germany  already  has  a  dual  system 
that  combines  vocational  school  training 
with  work  experience  and  fitm-based 
♦raining.  But  the  system  does  not  work 
as  well  in  practice  as  its  plan  on 
paper.  The  rapid  change  accompanying 
NIT  forces  firm-based  training  toward 
narrow  over-specialized  skills.  Many 
f l rns  are  too  small  and  too  specialized 
♦or  the  dual  system,  so  training  centers 
common  ♦ o  groups  of  firms  may  need  to  be 
■  ■St  iblishi-d.  Vocational  schools  are  now 
devoting  a  first  basic  year  to  general 
♦raining  to  avoid  pit  mature  specializa- 

♦  :  or.  in  one  o  -cuf  at  ion.  But  in  the  NTT 

domain,  firm-based  training  is  adapting 
m-  r<-  r  godly  than  is  vocational  school 
♦raining,  so  the  gap  in  the  dual  system 
;  '  •;  1  den  1  ng  . 

An  :  r  other  countries,  firm-based 
♦tan  ;  n  (  has  up  to  now  been  the  main 
provider  of  nit  skills,  bridging  between 
labor  market  demands  and  the  lag  of  the 

•  ■due  i  ♦_  i  ona  1  system.  There  is  now  also 
mu -‘h  specialist  training  and  retraining 
of  adults,  sponsored  by  chambers  of  com¬ 
merce,  professional  associations,  and 
some  technical  schools.  The  higher  tech¬ 
nical  schools  (F i  •h’-.-,-  'hc.-'ku' v*  )  are  not 
yet  involved  but  plans  exist  to  open 
this  avenue.  The  popular  universities 
(  V  j  '  f ■v.o'J’i/3'i  |  are  heavily  involved. 

It  is  critically  important  that  the 
higher  technical  schools  implement  plans 
for  advanced  NIT  training.  It  is  esti¬ 
mated  that  the  number  of  data  processing 
specialist  jobs  (131,000  in  1980)  is 
increasing  by  8  percent  per  year.  But 


the  educational  authorities  in  West  Ger¬ 
many  are  reluctant  to  push  new  training 
programs  for  NIT  specialists;  they  are 
cautious  about  over-reacting  to  the 
estimates,  they  believe  double-qualifi¬ 
cation  persons  are  more  useful  than  pure 
specialists,  and  they  place  more  faith 
in  labor-market  adjustments  than  ir. 
state  interventions. 

The  secondary  schools  are  still  far 
behind  in  meeting  the  needs  for  teaching 
informatics  as  a  subject  on  its  own, 
using  NIT  in  the  teaching  of  other  sub¬ 
jects,  and  introducing  NIT  into  such 
subjects  as  ergonomics.  Equipment  avail¬ 
able  to  public  schools  is  still  limited 
and  varies  significantly  across  the  sev¬ 
eral  German  states  {Lander) .  A  series 
of  pilot  experiments  in  NIT  for  voca¬ 
tional  training  is  planned  for  the 
1984-87  period. 

Overview  of  Policy  Issues 

This  section  summarizes  some  gener¬ 
al  policy  issues,  using  material  provid¬ 
ed  in  the  basic  reports  as  well  as  that 
indicated  in  the  abstracts  above.  The 
issues  can  be  enumerated  as  follows: 

1 .  Technical  and  vocational  educa¬ 
tional  systems  have  been  generally 
unable  to  keep  up  with  the  demand  for 
NIT  skills  and  knowledge,  and  should  not 
be  expected  to  do  so,  at  least  in  the 
next  decade  or  so.  In-company  and  on- 
*  hi -job  training,  and  recurrent  educa¬ 
tion  for  working  adults  have  filled  part 
of  the  gap  between  soaring  demand  and 
lagging  supply  and  should  continue  to  do 
so.  In  the  long  view,  this  condition 
may  be  advantageous.  Many  NIT  concepts 
have  not  yet  reached  consolidation  or 
consensus.  Out-of-school  training  pro¬ 
grams  can  respond  quickly  to  changes  in 
demand.  The  inertia  of  the  public 
school  system  allows  time  to  sort  out 
and  elaborate  a  more  fundairienta  1  doc¬ 
trine  for  NIT  training  and  its  long-term 
consequences  beyond  immediate  labor 
market  needs. 

2.  It  is  difficult  if  not  impossi¬ 
ble  at  present  to  roach  a  comprehensive 
statistical  picture  of  NIT-related  occu¬ 
pations.  Adequate  data  are  scarce  and 
difficult  to  come  by.  Job  and  level 
classifications  differ  across  countries. 
There  is  widespread  scepticism  about  the 
feasibility  and  usefulness  of  making 
detailed  forecasts  for  the  various 
categories  of  NIT  personnel.  Nonethe¬ 
less,  a  generally  applicable  classifica¬ 
tion  of  NIT  personnel  should  be  helpful 
for  planning  purposes  and  for  thinkino 
about  alternative  kinds  of  education  and 
training  programs.  Table  1  reproduces 
the  classification  system  proposed  by 
Ja 1  lade  (1984). 
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Table  1 

NIT  Occupations  and  Nodes  of  Training  (from  Jallade,  1984) 
1 1  SPECIALISTS 


HiQ't  levt-l  SprOrillSlS 


designers  of  i  University  uaminq  in  NIT 

systems  1  plus  applied  out  of  s«  houl 

)( m  company)  trairuny  in  one 
specific  fe'ki  layriculture 
applications  health,  industry  etc  i 

NIT  teacfiers  University  training  m  NIT 


Middle  level  specialists 


short  cycle  higher  education  plus  m  company 
training 


Maintenance  and  servicmg 
personnel 


Technical  vocational  education  at  upper -secondary 
level  plus  m-company  training 


2*  PROFESSIONAL  appliers 


Industry 
Office  work 


University  training  in  one  field  plus 
NIT  training  through  recurrent  education 
or  in-company  training 


3  NIT  USERS  ON  THE  JOB 


Industry 


S**'vic  es 


Technical  education,  alternance  training 
and  in  company  training 

Technical  education  alternance  training 
and  recurrent  education 


4>  NIT  USERS  OFF  THE  JOB 


NIT  training  aimed  at  computers'  literacy  in 
compulsory  and  post  compulsory  general  education 
and  m  adult  education 


3.  At  present,  the  number  of  high- 
'<•  spe  _» :  :i  is  small  and,  contrary 
to  popular  belief,  future  needs  are  not 
likely  to  be  large.  The  exception  to 
this  is  the  substantial  need  for  spe¬ 
cialist  teachers  at  other  levels  in  the 
training  system.  Professional  appliers 
are  in  large  numbers  now  and  will  be  in 
much  larger  numbers  in  the  future.  This 
is  the  present  category  for  double-qual¬ 
ification  persons.  As  double-qualifica¬ 
tion  needs  increase,  these  will  have 
important  implications  for  change  in  the 
nature  of  training  in  the  qualification 
discipline  that  has  not  been  tradition¬ 
ally  NIT-related.  For  the  two  NIT  user 
categories  shown  in  Table  1,  a  compre¬ 
hensive  training  strategy  involving  the 
entire  educational  system  is  needed  to 
deal  with  the  very  large  needs  and  num¬ 
bers  involved. 

4.  NIT  traininq  more  easily 
"invades"  the  upper  degrees  and  levels 
of  education  than  the  lower.  It  also 
requires  a  higher  level  of  education  for 
entry  than  many  traditional  training 
areas.  There  is  an  economic  side  to 


this,  since  high  NIT  skill  and  long 
formal  schooling  become  naturally  cor¬ 
related,  and  both  draw  higher  wages  in 
the  market  place.  A  sociological  side 
is  also  apparent;  the  more  prestigious 
and  socially  selective  levels  of  educa¬ 
tion  are  the  first  to  incorporate  fash¬ 
ionable  kinds  of  training.  There  is 
also  a  psychological  aspect;  NIT  train¬ 
ing  may  indeed  require  a  higher  level  or 
more  specialized  kinds  of  abstract  rea¬ 
soning  and  logical  thinking  abilities 
than  many  traditional  occupations.  Tech¬ 
nology  seems  to  increase  distinctions; 
thus,  NIT  training  may  drive  a  wedge 
between  the  "haves"  and  the  "have  nots," 
increasing  apparent  individual  and  group 
differences.  The  educational  strategy 
needs  to  be  carefully  geared  to  counter 
this  trend  in  the  population  as  a  whole. 

5.  There  appears  to  be  a  minimum 
level  of  general  education  required  for 
NIT  training,  which  of  course  varies 
with  the  level  and  kind  of  specializa¬ 
tion  targeted.  NIT  training  is  reinforc¬ 
ing  existing  trends  in  all  three  coun¬ 
tries  toward  upgrading  the  educational 


ESN  30-5  (1985) 


attainments  of  the  work  force.  There 
also  appears  to  be  a  trend  toward  more 
general  rather  than  more  specialized  NIT 
training.  Although  in  Sweden  and  France 
there  is  clear  separation  between 
schoo 1-based  and  firm-based  training, 
and  thus  between  general  and  specific 
training,  in  Germany  the  dual  system  is 
•..•ell  established  and  appears  to  have 
distinct  advantages  in  defining  and  cor¬ 
relating  the  important  features  of  each. 
The  incorporation  of  NIT  into  general 
education  may  also  contribute-  a  base  oi 
transferable  intellectual  skills  that 
helps  break  down  traditional  discipli¬ 
nary  divisions.  NIT  training  may  then 
become  part  of  the  minimum  level  of  gen¬ 
eral  education  provided  t  o  everyone  .  •  r. 

the  other  hand,  NIT  reouires  upgrading 
of  secondary  science  and  mi  Mu  mat  m-s 
streams  at  a  time  when  students  already 
perceive  those  streams  to  be  too  demand¬ 
ing  and  thus  too  risky.  A  key  problem 
is  to  adapt  science,  mathematics,  and 
NIT  secondary  education  to  ensure  ade¬ 
quate  quality  and  quantity  of  students 
cor  higher  education  in  this  realm. 

(. .  For  the  training  of  dcuble- 
c.’ualification  persons,  there  is  a  tor¬ 
si  on  between  the  view  that  broadening 
existing  curricula  to  incorporate  NIT 
courses  is  the  bent  route  and  the  view 
•-hit  new  specialized  departments  and 
‘■'•ei:  institutions  are  needed.  The  first 
view  seeks  to  avoid  isolation  of  NIT  and 
to  ••:, courage  communication  and  dissemi- 
na*-  ion  of  NIT  as  an  instrument  through¬ 
out-  f  economy.  The  second  emphasizes 
the  red  for  new  skill  and  knowledge 
de-’e  lopment  and  oor.sol  i da  lion.  The  real 
issue,  of  course,  my  be  when  and  where 
to  dr,  which,  give-  -hat  both  are  ulti¬ 
mately  needed.  Tin-  mwedish  and  German 
reports  tend  » ->  emphasize  the  first 
"iow;  t  he  i  munch  report  emphasizes  the 

; :  i  >  ( •  n  r>  r]  . 

"h*-  contribution  of  adult  and 
re-Mirren?  education  to  NTT  training  is 
••j‘  ally  important.  Short  courses  will 
i  1  ways  be  needed  to  fill  training  gaps 
even  i:  NIT  training  is  also  given  at 
all  levels  in  the  school  system.  Also, 
the  t  ruining  of  adults  will  always  re¬ 
gime  a  network  of  out-of-school  pro- 

R.  There  are  at  least  three  major 
implore?  tation  problems  in  adapting  edu- 
r-|t.  i  i .  n  to  NIT.  Trained  teachers  are 
re  nor  a  1  ly  it.  short  supply  everywhere. 
Th<  isstie  is  r.^t  just  one  of  training 
;;i|t  i  1  so  of  r— ercoming  rigidities  in 
teacher  o  i  gar  i  zat  i  «:•„-•  and  civil  service 
pay  scales  t  ha  t  provide  negative  incen- 
f  ;  ">'s .  Equipment  and  software  are 
,  imi?  f'l  and  of  variable  quality.  In 
‘c  r  e  count  r  ?  ,  notably  Sweden,  educa- 

t  auth.ori  t  les  are  play  ing  an 


increasing  role  in  specifying  standards 
to  be  met  by  educational  computers  and 
software.  The  student-flow  p.>roblem  in 
NIT,  related  science  and  mathematics, 
and  other  traditional  fields  suggests 
that  major  curriculum  revisions  are 
needed  and  that  student-flow  planning 
and  counseling  need  careful,  continuing 
attention . 

9.  Innovation  and  experiment  tend 
to  occur  more  easily  in  decentralized 
educational  systems.  Pilot  experiments 
are  an  extremely  important  part  of  the 
adaptation  process.  Consultative  commis¬ 
sions  art-  also  ar.  essential  link  between 
t  ho  needs  ami  interests  of  education, 
industry,  and  government  concerning  NIT. 
r f f <  its  to  improve  the  functioning  of 
innovation  and  consultation  mechanisms 
should  hr  included  in  any  strategy  aimed 
: ?  adapting  technical  education  to  NIT. 
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THE  EXPERIMENTAL  PSYCHOLOGY  SOCIETY: 
NOTES  ON  AUDITORY  PERCEPTION,  WORKING 
MEMORY,  AND  CIRCADIAN  RHYTHM 

bit  die  herd  F.  Frew. 


The  Experimental  Psychology  Society 
is  a  small,  unique  group,  centered  in 
Britain  but  independent  of  the  British 
Psychologica 1  Society.  The  Experimental 
Psychology  Society's  membership  includes 
about  75  British-based  researchers,  with 
about  45  more  scattered  throughout  West¬ 
ern  Europe,  the  Middle  East,  North  Amer¬ 
ica,  and  Australia;  among  these  are  14 
in  Canada  and  14  in  the  MS.  The  society 
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publishes 


in  two  sections 


and  ,'e.Jt  v  :  :  ’  i'e  ar.J  ■  hue- 

j  :  •*  ;  ;  Uj.  '  ... )  .  It  also  holds 

three  to  four  scientific  meetings  per 
year,  sometimes  jointly  with  other 
groups  such  as  the  British  Physiological 
Society  or  the  Dutch  or  the  Italian 
experimental  psychologists.  The  current 
pres  •:  dent  is  Dr.  Alan  Baddelov,  director 
of  tht  V'-dical  Research  Council-Applied 
Psychology  ini’  ,  Cambridge;  correspond¬ 
ence  regarding  the  society  and  its 
future  m- •<.•*.  ;  ns  should  be  addressed  to 
the  i  i :  i ;  .  re  t  a  rv  ,  Dr.  R.G.M.  Morris, 

Psych*  loqica  '  Lab*:  ratory  ,  t’niversity  ot 
At.  Andrews,  St.  Andrews,  Fife,  KY16 


1  c  g  :•  '  n 

rega  rd  i  ; 


9  Tr* . 
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at  thf  id 

dci  r.  via  ry 

:•>  of  tr 
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■  r .  ■- .  '1  a  b  1  e 

f-  *  ’ ) 

!_  v  e  a  far. 

society ’ s  me  ft  recent  meeting, 
t  he  i'n  Ivors .  ty  of  London  or.  3 
dqr.ua  ry  '.  1RC  ,  provides  a  good 
of  tht  qua lit  y  of  work  it 
"able  t  abstracts  the  program, 
a  :,er..m.  of  the  range  of  topics 
■test  to  members.  The  present 
fcriio.:,-  .in  new  fir.dir.qs  discuss- 
.h.i  ranting  under  two  headings : 

r-ept  tt  and  working  memory, 
rkirv;  memory  in  relation  to 
in  r  !;  y  t  h.m  ic  i  t  y  in  performance  . 


A e  d 1 1 ' ; r y  let  c-pt ion  and  Working  Memory 

T.H  :  l  ridings  presented  by  Carlyon, 
I  1 1  *  e  r  ,n  ,  and  Edworthy  suggest  some 
impor*  *ii;  t  lines  tor  new  research.  The 
'•  i:>.  studies  reported  by  Sloboda  and  by 
,'anpfeii  add  interesting  implications. 

According  to  Carlyon,  the  smallest 
increase  in  the  intensity  of  a  faint 
torn-  th..  humans  can  detect  is  about 
..  d£i,  and  this  decreases  gradually  with 
increasing  level.  Such  findings  repre¬ 
sent  a  systematic  deviation  from  Weber 1 s 
T  aw,  tor  tone  levels  up  to  95  dB  SPL. 
'.*  physiological  evidence  suggests  that 
firing  rates  of  most  auditory  nerve 
•  ir.erl  to  a  signal  frequency  be- 
f'ira*-"d  at  about  60  dB  SPL.  The 
■ :  p  i  con*  rad  ict  i  er  can  be  resolved 

t  y  *  .  '  t: t  hesis  that  humans  are  able 

•  •  -rn.it  ive  sources  of  intensity 

•  :  t  ‘  i<  ,  uoh  as  a  second ,  small 

;  pi*-  o«  nerve  fibers  specialized 
w  .  •  : ,  h  renh*  1  *f.<;  to  convey  intensity 

:  f.h  1*  Carlyon  thus  conducted 

•*  •••  r  i  !  ■  i  r  e  n  t  s  to  measure  intensity 

’  *.  r  -  ns  for  brief  signals  when 
'ouro-s  or  information  are 
i"  .  Cigna  I  frequencies  greater  than 
kit.*  ■  •  l : 1 1  <  ■  i  n  format,  i  on  arising  t  ram 
•ii"  r>-  ;u  1  a  ri  *  y  of  nerve  impulses.  Noise 
r-ikiri  ■  i  ir-i  nates  information  from 
:  ii *  un*'d  away  from,  the  signal  f r«- 
' ;  *  j  ■  -  i  *  -  - ; .  When,  and  only  when  ,  these 
-  ■iff.  ■  I  ir.'nrr.it  i  *.n  are  botfi  blocked, 

*  h<-  i  i  *  f <■  r>  n c-e  1  imen  is  maximized  at. 


14  dB  at  intermediate  tone  levels,  where 
neither  population  of  fibers  tuned  to 
the  signal  frequency  can  code  intensity. 
The  results  support  the  hypothesis  that 
humans  use  multiple  sources  of  informa¬ 
tion  in  intensity  judgment  and  suggest  a 
new  model  of  departures  from  Weber's  Law 
and  of  breakdown  in  auditory  recognition 
at  high  intensity  levels. 

Patterson  presented  a  new  model  of 
periodicity  detection,  in  which  a  spiral 
processing  mechanism  is  assumed  in  the 
initial  stages  of  the  auditory  system  to 
extract  periodicity  information  from  the 
stream  of  neural  impulses.  Peripheral 
processing  of  periodic  sounds  is  envi¬ 
ronmentally  significant  for  animals  and 
for  humans;  the  detection  mechanism  must 
thus  be  passive  and  fast.  The  spiral 
hypothesis  iits  this  requirement  and 
also  has  constraints  that  fit:  the  fact 
that  some  combinations  of  musical  notes 
sound  better  together  than  others,  i.e., 
our  harmonic  scales.  The  log  spiral 
(base  2)  provides  a  good  model  and  a 
convenient  conversion  from  a  temporal  to 
a  spatial  pattern  for  the  stream  of 
neural  pulses. 

Edworthy  reported  two  experiments 
indicating  that  mechanisms  previously 
shown  to  be  involved  in  processing  and 
storage  of  */erbal  material  in  working 
memory  are  similarly  involved  when  the 
material  is  auditory  nonverbal.  The  work 
relates  to  Badde ley's  (1983)  model  of 
working  memory  which  posits  several  sub¬ 
systems,  one  of  which  is  an  articulatory 
loop  that  serves  primarily  as  an  input 
afore  in  speech  perception  but  which  can 
also  be  used  by  a  person  as  an  active 
memory  store  by  means  of  subvocal  re¬ 
hearsal;  there  is  also  the  hypothesis 
that  a  separate  "inner  ear"  mechanism  is 
involved  in  auditory  imagery.  The  first 
Edworthy  experiment  investigated  recog¬ 
nition  memory  for  melodic  sequences 
using  the  Baddeley  paradigm;  articula¬ 
tory  suppression,  homophone  judgments, 
or  visual  symbol  matching  were  the 
alternative  secondary  tasks.  The  second 
experiment  used  pitch  discrimination  as 
the  primary  task,  with  the  same  second¬ 
ary  tasks.  Recognition  performance  was 
disrupted  by  both  articulatory  suppres¬ 
sion  and  homophone  judgment,  implying 
that  both  the  articulatory  loop  and  the 
"inner  ear"  of  working  memory  were 
involved.  Pitch  discrimination  was  dis¬ 
rupted  only  by  simultaneous  homophone 
judgment,  implying  that  the  "inner  ear" 
but  not  the  articulatory  loop  was 
involved.  In  short,  the  Baddeley  model 
seems  to  fit  auditory  nonverbal  process¬ 
ing  as  well  as  auditory  verbal  process- 
i  ng . 

Campbell  repm  ted  the  case  of  a 
uni  versit  y  student  wi  Hi  normal  speech 
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•  i*"  Me:  microscope-based  microanalyses  example  Ti-V-steel).  His  main  conclu- 

*  •  •  *  i.  !•/  r  article  size  dispersions  and  sions  include: 

•'•rt,'  it.  inns  of  carbides  and  nitrides  in 

rev- r.  i  i  different:  Ti-  and  Nb-microa  1 1  oy-  1.  The  addition  ol  extra  nitride 

«  d  st  I .  Various,  thermal  treatments  formers  to  a  Ti  micronlloyed  steel  such 

u.-.<  I  to  determine  the  effects  at:  V,  Nb ,  or  A  l  results  in  an  increase 

■ <  ■  i p i t a t e  size  ana  composition  on  in  the  precipitate  size.  A1  has  the 
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Laser  Hardening  of  Steel  Surface 

The  development  and  application  of 
lasers  for  materials  processes  such  as 
cutting,  welding,  drilling,  and  surface 
treatment  lias  reached  the  stage  of  com- 
neutralization.  Surface  transformation 
hardening  of  steels  represents  an  excel¬ 
lent  method  in  which  the  surface  of  a 
steel  component  can  be  selectively 
treated  without  affecting  the  bulk  of 
the  material.  Lasers  are  used  to  heat 
the  surface  without  melting  (transfor¬ 
mation  hardening  and  annealing);  o  melt 
the  surface  (glazing,  alloying,  clad¬ 
ding,  grain  refinement);  or  to  vaporize 
th>-  surface,  which  can  induce  shock 
hardening. 

Wenhin  Li,  under  Easterling's  su¬ 
it-  rv is  ion ,  has  developed  the  differen¬ 
cial  eauations  for  heat  flow  which 
define  the  temperature  distribution  at 
the  surface  and  in  the  interior  of  a 
material  which  is  scanned  with  a  laser 
beam.  These  equations  are  combined  with 
equations  for  martensite  formation  to 
predict  the  microstructuro  and  hardness 
profi’es  resulting  from  the  laser  hard¬ 
ening. 

By  increasing  the  hardness  of  a 
surface,  the  wear  resistance  is  usually 
increased.  However,  often  the  residual 
stresses  produced  in  the  surface  by  the 
harden inq  treatment  also  improves  the 
fatigue  life.  Li  has  developed  a  simple 
model  for  residual  stresses  by  coupling 
temperature,  phase  transformations,  and 
stresses.  Figure  4  illustrates  the  prin¬ 
ciples  of  this  coupling.  The  coupling 
paths  1  through  6  express  the  influence 
of  one  parameter  on  the  other.  For 
example,  path  1  describes  the  influence 
of  the  thermal  cycle  on  the  martensite 
transformation,  wni !»•  path  2  describes 
the  of  fee'  of  the  volume  change  which 
occurs  during  the  formation  of  martens¬ 
ite  on  the  surface  stresses  and  strains. 
Figure  8  illustrates  the  residual 
stresses,  after  a  specified  laser  hard¬ 
ening  treatment,  in  steels  with  differ¬ 
ent  carbon  contents.  The  surface  con¬ 
tains  the  maximum  compressive  (negative) 
stresses  and  these  increase  with  carbon 
contort,  but  the  depth  of  the  residual 
stress  is  similar  for  all  three  steels. 
Increasing  carbon  promotes  the  formation 
of  a  larger  volume  fraction  of  martens¬ 
ite  which  causes  an  increase  in  the 
residual  stresses,  but  since  the  thermal 
cycle  is  the  same  for  all  three  steels, 
the  residual  stresses  disappear  at  the 
same  distance  below  the  surface.  This 
model  predicts  the  correct  order  of 
magnitude  for  the  residual  stresses 
arid  a  distribution  of  the  residual 
stresses  which  agrees  with  experimental 
d  i*i. 


Figure  4.  Coupling  diagram  (from  Li, 
1984)  .  _  ” _ 


Figure  5.  Calculated  stress  distribu¬ 
tion  for  different  carbon  contents  (from 
Li,  1984)  .  _ _ 


Laser-process i ng  diagrams  (or  maps) 
have  also  been  developed  using  an  ap¬ 
proach  similar  to  that  previously  de¬ 
scribed  for  welding.  These  diagrams 
allow  one  to  select  the  optimum  pro¬ 
cessing  parameters  (heat  input,  beam 
diameter,  and  beam  scanning  velocity) 
that  will  give  a  maximum  surface  hard¬ 
ness  without  melting.  Figure  6  presents 
a  laser  processing  diagram  for  a  hypo- 
eutectoid  plain  carbon  steel  (0.6  per¬ 
cent  C)  .  The  boundary  for  melting  as  a 
function  of  energy  input/unit  area  is 
shown  as  are  the  hardness  contours  (Hv) 
as  a  function  of  distance  from  the  sur¬ 
face  for  a  given  energy  input.  The  hard¬ 
ness  decreases  with  distance  away  from 
the  beam  both  on  the  surface  and  through 
the  thickness.  The  starting  hardness  of 
the  steel  prior  to  surface  treatment  was 
Hv  720.  The  diagram  indicates  that  in 
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for  precipitate  dissolution  and  coarsen- 
inq,  grain  growth,  and  martensite 
transformation  to  predict  the  micro- 
structural  information  shown  in  Fig¬ 
ure  2.  The  solid  lines  represent  lines 
of  constant  austenite  grain  size  (70, 
200,  and  300  um) .  The  circled  point  on 
the  solid  200  line  was  the  calibration 
point  found  in  the  HAZ .  The  shaded  grey 
region  defii.es  the  region  where  the  NbC 
precipitates  will  dissolve  (no  dissolu¬ 
tion  to  the  left  and  complete  dissolu¬ 
tion  to  the  right  ot  the  shaded  area). 

The  volume  fraction  martensite  is 
calculated  from  kinetic  equations  which 
describe  the  transformation  of  austenite 
to  pearlite,  bainite,  and,  if  the 
cooling  rate  is  fast  enough.  (At  small 
enough) ,  martensite.  Whether  or  not 
martensite  forms  is  a  function  of  At, 
the  austenite  grain  size,  and  the 
composition  of  the  austenite  (evaluated 
using  the  carbon  equivalent  developed  by 
the  International  Institute  of  Welding 
for  assessing  cold  cracking  susceptibil¬ 
ity).  For  example,  using  Figure  2  it  is 
possible  to  predict  (for  these  thick 
plate  welding  conditions)  the  austenite 
era  in  size.'  (many  of  the  mechanical  /  f  rac- 
ture  properties  of  the  material  are  a 
function  of  the  gium  size)  as  a  func¬ 
tion  of  heat  (energy)  input  and  location 
in  the  HA 2  (peak  temperature)  .  Addition¬ 
ally  it  is  possible  t  o  <  st  irate  the 

hardness  at  the  various  locations  m 

the  HAZ  by  using  Ion’s  rule  of  mixture 
equations  anti  the  pi  ot!  i  -'t  >■  :i  mi  crust  ruc- 
tubes,  which  depend  or.  the  ,•  >c  ling  time 
Letweer:  S'KIT  nr.d  '.u.i’C  and  ■  !.•■  -omposi- 
t  ion.  Fixture  3  presents  a  camp, a  r  i  son 
between  t.ne  predicted  and  actual  hard¬ 
ness  profiles  and  austenite  orain  sizes 
as  a  function  of  distance  from  the  weld 
fusion  line  for  a  Nb-mi  croa  1  loyed  steel 
G.MAW  weld.  The  shaded  area  again  repre¬ 
sents  the  region  of  NbC  dissolution 
(note  the  correlation  lie  tween  NbC 
dissolution  and  the  onset  of  grain  size 
increase  consistent  with  the  concept 
that  the  NbC  particles  inhibit  austenite- 
grain  growth,  once  they  dissolve  grain 
growth  becomes  very  rapid) . 

These  diagrams  provide  a  means  of 
assessing  the  effects  of  welding  in 
terms  of  the  chemical  composition,  the 
geometry  of  the  weld,  and  the  welding 
parameters.  The  models  are  semiempiri - 
cal  in  that  some  of  them  must  be  cali¬ 
brated  with  u  single  experimental  point, 
but  they  are  bused  on  sound  thermodynam¬ 
ic  and  kinetic  principles  and,  as  such, 
represent  a  big  step  forward  in  under¬ 
standing  and  describing  the  effects  of 
welding  on  metallic  materials.  (For  fur¬ 
ther  details  see  Ion,  Easterling,  and 
Ashby,  1984.) 
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Figure  2.  An  HAZ  diagram  for  Nb-micro- 
alloyed  steel;  thick  plate  welding  con¬ 
dition,  no  preheat;  experimental  data 
from  both  bead-on-plate  and  simulated 
welds.  The  full  lines  are  contours  of 
constant  austenite  grain  size,  the 
broken  lines  show  the  volume  fraction  of 
martensite,  and  the  shaded  region  shows 
the  extent  of  dissolution  of  the  carbide 
p articles  (from  lor.,  1984). _ 
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Figure  3 .  HAZ  profile  for  a  GMAW  weld 
on  Nb-microa 1 loyed  steel.  The  full  line 
shows  the  austenite  grain  size,  the  bro¬ 
ken  line  shows  the  hardness,  and  the 
shaded  region  marks  the  dissolution 
range  of  NbC  precipitates.  Experimental 
measurements  are  indicated  (from  Ion, 
1  984)  . 
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becomes  more  dense) .  With  the  first  ap¬ 
plication  of  pressure,  the  particles 
interact  elastically,  and  then  as  the 
pressure  increases  they  deform  by  plas¬ 
tic  deformation.  The  deformation  increas¬ 
es  the  contact  area  among  the  particles, 
thus  reducing  the  contact  force  per  unit 
area  on  the  particles.  Therefore,  even¬ 
tually  th*'  applied  pressure  will  not  be 
sufficient  to  cause  further  plastic  de¬ 
formation.  At  this  point  the  densifica- 
t  ion  process  must  continue  by  more  time- 
dependent  mechanisms  such  as  power-law 
creep  and  diffusion  to  the  void  surface. 
Each  of  the  various  densi f icat ion  mecha¬ 
nisms  depends  on  the  particle  size  and 
the  external  variables  of  temperature 
and  pressure.  By  developing  mathemati¬ 
cal  models  based  on  the  controlling 
physical  mechanism  (such  as  grain  bound¬ 
ary  diffusion,  bulk  diffusion,  surface 
diffusion,  and  plastic  flow),  and  plot¬ 
ting  them  in  various  ways  (fixed  pres¬ 
sure  with  density  and  temperature  as 
parameters,  fixed  temperature  with  den¬ 
sity  and  pressure  as  parameters,  and 
fixed  density  with  pressure  and  tempera¬ 
ture  as  parameters) ,  it  is  possible  to 
identify  the  mechanism  controlling  the 
dens i f icat ion  process  for  a  given  mate¬ 
rial  as  a  function  of  density,  pressure, 
and  temperature. 

Maps  for  tool  steel,  nickel-base 
superalloys,  alumina,  and  ice  have  been 
deve loped .  With  these  maps  it  is  possi¬ 
ble  to  select  the  optimum  conditions  of 
particle  size,  temperature,  and  pressure 
to  produce  the  most  dense  product  in  the 
shortest  possible  time. 


Welding  Maps 

Easterling  and  J.C.  Ion  have  com¬ 
pleted  a  study  in  which  mathematical 
models  for  the  heat  flow  in  the  heat 
affected  zone  (HAZ)  have  been  used  to 
develop  predictive  methods  for  estima¬ 
ting  grain  growth,  precipitation,  and 
the  HAZ  hardness  which  result  from  the 
thermal  cycle  during  fusion  welding. 
These  maps  are  developed  by  using  a  set 
of  heat  flow  equations  originally  devel¬ 
oped  by  D.  Rosenthal,  but  modified  by 
Ion.  The  Rosenthal  equations  only 
describe  heat  flow  in  the  HAZ.  Ion  has 
modified  these  equations  to  predict  such 
things  as  weld  penetration  and  weld  geo¬ 
metry,  but  his  equations  must  be  experi¬ 
mentally  calibrated  to  a  particular  set 
of  weldir.o  conditions,  because  a  charac¬ 
terization  of  the  entire  welding  process 
would  require  as  many  as  28  parameters. 
The  effects  of  chances  in  the  shielding 
gas,  flux,  and  convection  currents  in 
the  weld  pool  were  considered  too  com¬ 
plex  to  model;  these  are  taken  into  con¬ 
sideration  in  the  calibration  experi¬ 


ments.  These  equations,  once  calibra¬ 
ted,  are  used  to  predict  the  thermal 
cycle  of  all  regions  of  the  weldment 
with  the  assistance  of  a  microcomputer. 
Figure  1  presents  a  comparison  of  the 
thermal  history  predicted  by  these  equa¬ 
tions  with  experimental  data  at  a  spe¬ 
cific  location  in  the  HAZ  of  submerged- 
arc  (SAW)  and  gas-metal-arc  (GMAW) 
welds. 

They  then  derive  expressions  (from 
theoretical  principles)  for  the  kinetics 
of  grain  growth,  precipitate  coarsening, 
and  dissolution  and  the  phase  transfor¬ 
mations  in  the  HAZ  during  cooling. 
Usinq  the  predicted  microstructures  and 
a  rule  of  mixtures,  they  predict  the 
hardness  of  each  position  in  the  HAZ  for 
a  range  of  energy  inputs.  Figure  2 
presents  an  HAZ  diagram  for  a  thick 
plate  of  Nb-microa 1 loyed  steel. 

Moving  from  high  to  low  temperature 
is  essentially  the  same  as  traversing 
away  from  the  fusion  line  into  the  HAZ. 
The  peak  temperatures  and  it  (the  cool¬ 
ing  time  between  800°C  and  500°C,  the 
critical  temperature  range  for  the 
transformation  of  austenite)  are  deter¬ 


mined  from  the  heat  flow  equations  used 
to  produce  Figure  1.  This  information 


is  then  used  in  the  kinetic  equations 


Time  s 


Figure  1.  Comparison  of  cycles 

measured  from  (a)  SAW  weld  and  (b)  GMAW 
weld  (full  lines)  together  with  the 
predictions  (broken  lines).  (From  Ion, 
1984.) 
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The  department  is  exceptionally 
well  equipped;  it  has  three  electron 
microscopes  (including  the  latest  JEOL 
2000  EX  STEM  and  a  scanning  electron 
microscope  equipped  with  a  LINK  particle 
analyzer  and  a  200-kg  force  deformation 
stage  (for  in-pit u  deformation  and  frac¬ 
ture  studies);  x-ray  diffraction  equip¬ 
ment  (including  a  new  high-temperature, 
2000°C,  x-ray  diffractometer);  a  large 
hot  isostatic  press  (2000°C,  200-MPa 
pressure  and  maximum  specimen  size  of 
150-mm  diameter  by  300-mm  tall);  all 
types  of  welding  equipment  (except 
electron  beam) ;  a  weld  simulator  that 
can  be  connected  to  a  programmable 
servo-hvdraulic  mechanical  testing 
machine;  and  two  high-energy,  con¬ 
tinuous  wave  C02  lasers  (3  kw  and 
0.5  kW). 

No  expense  was  spared  when  this 
department  was  set  up,  and--perhaps  be¬ 
cause  of  its  remote  location — the  uni¬ 
versity  seems  to  have  remained  in  favor 
with  Swedish  education  agencies.  About 
half  of  the  research  in  Easterling's 
department  is  supported  by  the  universi¬ 
ty,  with  the  remaining  half  coming  from 
the  Swedish  Beard  for  Technical  Develop¬ 
ment  and  industry.  Lulea  University  of 
Technology  is  the  youngest  among  Swe¬ 
den's  five  technical  universities. 
Founded  in  1971,  it  now  has  1200  under¬ 
graduate  engineering  students  and  a 
strong  postgraduate  program. 

The  rest  of  this  article  reviews 
The  Materials  Engineering  Department's 
main  research  programs  and  a  few  of  the 
most  recent  results. 

Structural  Ceramics 

Dr.  Harold  Herbertson  is  investi¬ 
gating  the  mechanisms  of  sintering  in 
syalon  (SijN,,  with  additions  of  A1203 
and  Y 2 0 3 )  with  and  without  hot  isostatic 
pressing  (HIP).  These  materials  are 
used  for  cutting  tools,  bearings,  and 
other  applications  where  high  strength 
at  elevated  temperatures  is  required. 
Herbertson  is  attempting  to  identify  the 
various  phase  transformations  that  occur 
in  these  materials  during  liquid  phase 
sintering.  He  is  using  HIP  and  will  be 
using  the  high  temperature  x-ray  dif¬ 
fractometer  for  these  studies.  He  feels 
that  by  HIP  he  can  reduce  the  required 
amount  of  the  liquid  phase  from  10  per¬ 
cent  to  1  percent.  The  amount  and 
structure  of  the  liquid  phase  material 
upon  solidification  controls  the  proper¬ 
ties  of  the  final  product. 

The  program  is  just  beginning,  and 
they  wish  to  hire  for  1  year  a  visiting 
scientist  familiar  with  the  mechanisms 
of  liquid  phase  sintering. 


Dual  Phase  Steels 

Dr.  E.  Navara  has  studied  the  mech¬ 
anism  of  austenite  formation  during  the 
intercritical  (dual-phase)  annealing 
step  in  the  production  of  dual  phase 
C-Mn  steels.  He  appears  to  have  made  an 
important  finding  for  steels  containing 
greater  than  1.5  percent  Mn .  The  harden- 
ability  of  the  austenite  in  the  dual¬ 
phase  mixture  is  greatly  enhanced.  This 
finding  is  expected  to  broaden  the  mar¬ 
ket  for  dual  phase  steels  from  sheet- 
products  to  include  plate  and,  perhaps, 
forgings.  This  is  possible  because  the 
most  stable  austenite  for  these  high-Mn 
steels  is  an  austenite  enriched  with  Mn . 
Even  though  pearlite  colonies  transform 
to  a  Mn-lean,  C-rich  austenite  first, 
this  austenite  dissolves,  acting  as  a 
source  of  carbon  for  the  Mn-enriched 
austenite.  The  nucleation  of  this 
Mn-enriched  austenite  occurs  heterogene¬ 
ously,  and  it  grows  by  absorbina  C  and 
Mn  by  volume  and  grain  boundary  diffu¬ 
sion.  This  mechanism  is  active  through¬ 
out  the  temperature  range  investigated, 
680°C  to  775°C,  but  the  partitioning  of 
Mn  to  the  austenite  is  very  temperature 
dependent:  680°C,  2.8  percent  Mn;  700°C, 
2.4  percent  Mn ;  and  725°C,  2.0  percent 
Mn  for  a  steel  containing  1  .  5  percent 
Mn.  The  higher  the  Mn  content  of  the 
austenite,  the  lower  the  critical  cool¬ 
ing  rate  to  form  martensite;  thus  the 
lower  intercritical  annealing  tempera¬ 
tures  will  produce  the  most  hardenable 
material,  but  the  annealing  time  re¬ 
quired  to  allow  the  partition  of  Mn  is 
quite  long. 

Navara 's  work  not  only  clarifies 
the  role  of  Mn  in  dual  phase  steel  but 
also  indicates  that  if  the  Mn  content  is 
kept  above  1.5  percent  and  the  intercri¬ 
tical  annealing  temperature  is  kept  low, 
sections  as  thick  as  10  to  15  mm  will 
transform  to  the  desired  microstructure 
in  dual  phase  steels  (ferrite  and  mar¬ 
tensite)  with  air  cooling. 


Hot  Isostatic  Pressing  Maps 

The  concept  of  deformation  maps  (a 
map  defining  the  mechanisms  of  deforma¬ 
tion  as  a  function  of  the  loading  condi¬ 
tions — strain,  strain  rate,  temperature, 
state  of  stress,  etc.)  was  introduced  by 
M.  Ashby  (University  of  Cambridge,  Cam¬ 
bridge,  UK)  several  years  ago.  Since 
then  this  idea  has  evolved  to  include 
fracture  maps  for  fatigue,  creep,  and 
other  fracture  modes.  Easterling  in 
collaboration  with  Ashby  has  developed 
HIP  maps  for  several  materials.  As  a 
porous  material  undergoes  densi f ication 
by  pressure  and  sintering,  the  mecha¬ 
nisms  controlling  the  rate  of  densifica- 
tion  change  with  time  (as  the  material 
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t  a  consortium  led  by  Standard  Telecom¬ 
munication  laboratories  Ltd.  (STL)  ,  the 
research  and  development  center  of  the 
Standard  Telephones  and  Cables  company. 
Collaborating  with  STL  on  the  AID  pro¬ 
ject  arc-  Data  Logic  Ltd.,  British  Tele¬ 
com  Research  Laboratories,  and  the  Uni¬ 
versities  of  Heriot-Watt,  Strathclyde, 
and  Essex. 

Using  techniques  from  computer  sci¬ 
ence.',  artificial  intelligence,  and  cog¬ 
nitive  psychology,  the  AID  project  will 
improve  man-machine  interfaces  by  ena¬ 
bling  them  to  adapt  to  individual  users. 
"Help  systems"  provide  valuable  assist¬ 
ance  to  users,  but  the  increasingly  com¬ 
plex  facilities  made  possible  by  ad¬ 
vanced  technology  require  more  sophis¬ 
ticated  user  support.  The  AID  project 
will  develop  methods  of  adjusting  the 
system  to  provide  a  closer  match  to  the 
immediate  needs  of  the  user.  This  adapt¬ 
ive  interface  would  allow  everyone  from 
the  novice-  to  the  expert  to  use  products 
in  the  way  which  suits  them  best.  Such 
products  will  have  a  competitive  edge 
because  they  will  be  able  to  serve  a 
wider  range  of  customers. 

The  goal  of  the  project  is  to  pro¬ 
duce  tried  and  tested  techniques  applied 
to  commercial  products  such  as  office 
systems . 

Object  Identification  From  2D  Images 

A  consortium  of  four  industries, 
three  academic  institutions,  and  the 
Ministry  of  Defence  will  be  carrying  out 
a  3-year  research  program  on  image 
analysis  and  interpretation  aimed  at  the 
problem  of  automatically  finding  and 
identifying  objects  in  images  of  com¬ 
plicated  scenes.  These  images  can  be 
from  sources  such  as  photographs,  tele¬ 
vision,  thermal  scanners,  and  x-rays. 

Research  over  the  first  year  will 
lay  the  foundations  for  the  first  soft¬ 
ware  demonstration.  In  the  second  year 
a  number  of  demonstration  projects  will 
be  developed  to  show  how  the  techniques 
can  be  used  in  applications  such  as 
parts  handling,  assembly  of  printed  cir¬ 
cuit  boards,  traffic  monitoring,  and 
••‘■hide  recognition.  In  the  third  year 
further  development  and  integration  will 
provide-  demonstration  software  with  a 
i"i'h  creator  capability  to  deal  with 
re..;  problems .  Possible  applications  in 
the  industrial,  medical,  civil,  social, 
tr:d  defense  fields  include  robot  automa¬ 
tion  of  flexible  manufacturing  systems, 
aruiogram  analysis  for  the  measurement 
of  heart  function,  traffic  flow  analy¬ 
sis,  and  automatic  surveillance  for 
security  and  defense. 

The  members  of  the  consortium  are 
British  Aerospace  Dynamics  (Sowerby 
Research  Centre  and  Hatfield  Division) , 


British  Robotic  Systems  Ltd.,  STL,  Mar¬ 
coni  Command  and  Control  Systems  Ltd., 
Plymouth  Polytechnic,  Bristol  Universi¬ 
ty,  Rutherford  Appleton  Laboratory,  and 
the  Royal  Signals  and  Radar  Establish¬ 
ment  . 

Speech  Interfacing  and  Phonetic  Algo¬ 
rithms 

A  project  on  speech  interfacing  and 
phonetic  algorithms  is  to  be  carried  out 
by  a  consortium  led  by  General  Electric 
Co.  (UK)  ,  with  Plossey  Ltd.;  Imperial 
College,  London;  University  College, 
London;  and  Leeds  University. 

Speech  interfaces  now  operate  with 
single-speaker,  limited-vocabulary  in¬ 
puts,  and  the  output  is  of  poor  quality. 
The  interfaces  are  not  based  on  funda¬ 
mental  speech  knowledge  and  are  ap¬ 
proaching  the  limit  of  their  growth. 

This  project  is  concerned  with  the 
radical  speech  work  essential  to  suc¬ 
cessful  commercial  development  of  unre¬ 
stricted  speech  recognition  and  highly 
intelligible  natural-speech  output. 
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Material  Sciences 


LULEA  UNIVERSITY— A  HOT  SPOT  FOR  MATER I - 
ATS  RESEARCH  IN  THE  FROZEN  NORTH 

by  Kenneth  r.  Chcil  leng*.  r.  /  r.  Challen¬ 
ger  if  the  i ciiftcr,  Cc-'entist  for  Materi¬ 
al  t:  r  fierce  in  Europe  and  ‘hr  Middle 
Fast  for  the  '  f fire  of  Hava  1  research's 
tendon  ° ranch  Office.  he  *  e  on  leave 
until  May  lotit-  fron  the  Naval  Postgradu¬ 
ate  School,  uhere  he  is  Associate  !  ro- 
fe e sc r  o f  Materials  Feien a c . 

The  Materials  Engineering  Depart¬ 
ment  of  Lulea  University  of  Technology 
is  at  the  forefront  of  research  in  cer¬ 
tain  areas  of  materials  sciences  just 
11  years  after  its  founding. 

Established  in  1973  by  Professor 
Kenneth  Easterling,  the  department  is 
best  known  for  its  research  on  the 
physical  metallurgy  of  welding  and  the 
development  of  mathematical  models  of 
the  welding  process.  This  work  is  per¬ 
haps  the  best  of  its  kind  anywhere. 
Although  less  noteworthy,  there  are 
research  programs  on  high-performance 
ceramics,  advanced  polymers,  laser  pro¬ 
cessing  of  materials,  hot  isostatic 
forming,  property-microstructure  corre¬ 
lations  for  wood,  and  some  very  elegant 
work  in  electron  microscopy. 
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Theorct  i  c,i  1  work  on  prog  ran  trans- 
rormat  ions  cent  inuos  with  using  the  pre¬ 
sent  (ji;d  ’..iter  tn  be  perfected)  CIP-S 
system.  In  .his  ettort,  program  develop- 
rr.or  ♦  and  language  definition  go  hand  in 
hand.  This  leads  li  a  more  precise  lor- 
nulat  ior:  of  notions  used  in  softwaie 
engineering.  In  particular,  son.e  ti-ch- 
n ;  guvs  of  program  construct  ion  may  be 
expressed  as  transtorirat  ion  strategies. 

Work  also  continuer  on  assuring 
that  *  he  algorithms  being  developed  r  re 
abs.  1  utely  correct  in  the  semantica. 
sense.  As  fellows  from  the  above  discus- 
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The  op's  A  Ivey  Hi  rect  ora  t<-  has  an- 
nr.u .need  at  p-roval  of  seven  research  prn- 
■  cts  in  the  man-mach  i  re  interface-  (MMI) 
part  of  the  A  lvt-y  program.  The  A  Ivey 
Dt  r«*ctor  ate;  is  cont  r  lbut  ina  b(> .  8  million 
( $ .  8  million)  to  the  fa]  0.5  million  cost 
of  the  MMI  projects.  (For  background  on 
the  9-year  A  Ivey  program  of  research  in 
•omputer  science,  see  ONP,  London, 
report  R-1I-R4  and  3  7-  1  2  :  4  4  7- 4  r-  0 

! 1  98  3  !  .) 

Vr  ._i  ce-Operat.ed  Database 

Computers  that  recognize  t)ie  human 
voice  are  to  he  developed  in  a  3-year 
research  project  headed  by  British  Tele- 
.  or  '  s  Research  Laboratories  in  co  1  1  ubor- 
ation  wi*h  I.ogica  and  Cambridge  t'niver- 
s  :  t  y  . 

The  a  ip.  of  the  project  is  to  sim- 
pi  i  fy  y  he  use  r  f  omput'-rs  for  nontech¬ 
nical  peo; 1 e ,  par?  icularly  for  tasks 


. 

with  -omput  ci'i: .  Vo  i  ci  re--  g;:  1 1  l  d 

the  interface  bet  w>->  •  >:•  -  -r  md  :•  i  nine 

won  Id  enable  user;  r  s;  <  .k i  ■  >m- 

m.i  r;<  i  s  . 


hMviwt  i  on 

When.  i.  i :  -  speik,  •  int  t  *  h> 

utterance  is-  <••  -nvey.-d  t  us*  by  the 
words  lire.!,  but  also  !\  whi-di  word:  i  r 

accented,  and  by  the  way  they  ..re  ac¬ 
cented.  Correct  placement  ala!  -seal 
pitch  is  therefore  crucial  in  producing 
I -omt  U 1 1- r-qela  luted  dialogue  which  sounds 
natural  and  conveys  the  real  meaning  of 

•lie  message. 

A  project  on  intonation  :  r  compu¬ 
ter-generated  dialogue  i  ::  t<  bo  carried 
out  at  Sussex  University.  The  goal  is 
to  develop  rules  which  associate  the- 


purpose  of  an  utu-r.iru'i-  with  nr.  appro¬ 
priate  set  of  accent:;  and  pitch  rr  Ye¬ 
men's,  and  t  •  end  ody  them-  rules  in  a 


working  computer  prog  tar. .  In  short,  ' de¬ 
program  is  supposed  » sound  as  if  it 
knows  vh.it  if  is  talking  incut.  The  pre¬ 
lect  will  also  make  a  start  on  exploit¬ 
ing  tne  same  rules  ior  purposes  of 
speech  ur-.derst  and  i  i-.q  . 


MM  I  m  Command  and  Cont ro 1 

A  consortium  of  Yard  Ltd.  of  Glas¬ 
gow,  Ferranti,  and  Strathclyde  Univer¬ 
sity  has  a  <i -month  contract  to  investi- 
nite  and  propose  areas  of  MMI  research 
aimc-d  at  command ,  control,  and  multiple 
industrial  applications. 

The  project  will  study  the  interac¬ 
tion  between  human  and  machine  in  a 
real-time,  decision-making  environment, 
and  will  emphasize  cognitive  and  commun¬ 
ication  aspects  and  performance  model¬ 
ing.  Several  real-time  applications  in 
information  organization  and  decision 
making  are  being  evaluated.  Researchers 
are  considering  the  use  of  cognitive 
modeling  techniques  for  understanding 
and  supporting  decision  making. 

Interactive  Computer  Systems 

The  University  of  York  has  been 
awarded  a  project  to  study  mechanisms 
for  the  specification,  implementation, 
and  evaluaf  ion  of  interactive  computer 
systems.  A  research  team  from  the  De¬ 
partments  i-f  Computer  Science  and  Psy¬ 
chology  will  develop,  methods  o|  ensuring 
that  interact  i-.-e  systems  fully  meet  t  ho 
needs  of  *  !i<  i  r  users. 

The  project  will  involve  the  use  of 
formal  methods  for  system  specification 
as  well  as  p>  sychc  - 1  r.g  i  ca  1  experiments 
established  t • »  observe  the  usefulness  of 
tornul  design  properties. 


-  ich  as  searching  databases.  Speech  has  Adapt  i  vr-  Intel  1  igei.t  Dialogues 

been  re.-ognized  as  *  he  most  natural  “a  4 -year  pro  ;7T-'t  on  adaptive  inti-1- 

eer.-.-en  lent  mear.s  of  communicating  liqen*  dialogue  (All  )  has  In-on  awarded 
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knowledge  engineering  and  expert-system 
construction.  However,  it:  is  not  a  typi¬ 
cal  '  r  :a.r  ’  expert  system,  but  rather 
one  that  is  fully  rational  in  the  mathe¬ 
matical  sense;  all  knowledge  in  the  sys¬ 
tem  is  exactly  derived  and  strictly 
valid,  based  on  previously  developed  and 
tested  algorithms. 

Bauer  elucidated  his  philosophy  in 
the  following  manner.  The  term  "con¬ 
struction"  has,  in  engineering  circles, 
a  special  connotation:  it  refers  to  the 
building  of  an  engineering  product.  But 
in  software  engineering  the  term  should 
be  taken  as  a  challenging  provocation  as 
opposed  to  tinkering.  In  fact,  "con¬ 
struction"  has  a  more  humanistic  meaning 
in  geometry:  in  the  spirit  of  Euclid, 
Descartes,  and  other  17th  century  sci¬ 
entists,  the  term  is  indicative  of  the 
role  rational  reasoning  should  play  in 
"natural  philosophy."  For  a  variety  of 
reasons  (for  example,  because  with 
modern  technology,  software  will  often 
be  frozen  into  hardware),  bugs  in  soft¬ 
ware  are  rapidly  becoming  intolerable. 
Thus,  one  would  expect  that  rational 
reasoning  plays  a  top  role  in  the 
program-production  process.  Unfortunate¬ 
ly,  reality  is  different:  "Programs  are 
concocted  in  moonshine  distilleries," 
says  Bauer.  "The  humdrum  day  of  a  pro- 
arammer  is  full  of  alchemy." 

The  time  has  come  for  programming 
to  turn  into  a  safe  process  of  program 
construction.  This  means  that  it  must  be 
organized  as  a  sequence  of  steps  of 
rational  reasoning.  Starting  from  an 
elaborate  formal  problem  specification 
using  elements  of  predicate  logic,  set 
theory,  and  appropriate  algebraic  struc¬ 
tures,  the  application  of  formal  rules 
leads  to  algorithmic  versions  and  final¬ 
ly  to  programs  oriented  toward  the 
instruction  repertoire  of  specific 
machines . 

A  genuine  program-construction  pro¬ 
cess  needs  strict  formalization  through¬ 
out.  It  is  a  central  element  of  Bauer's 
program  that  all  versions  of  a  software 
development  (including  specifications) 
can  be  conveniently  represented  by  one 
programming  language  which  comprises  the 
complete  spectrum  of  descriptive,  appli¬ 
cative,  and  procedural  styles.  For  it  to 
be  maximally  effective  and  sufficiently 
general,  this  language  must  encompass  a 
certain  form  of  nondeterminism  which 
makes  the  development  process  transpar¬ 
ent  and  flexible,  and  it  is  to  be  inter¬ 
preted  by  some  model  of  the  underlying 
abstract  data  types.  At  this  point,  a 
program- t rans forma t i on  methodology  be¬ 
comes  essential:  the  use  of  formally 
proved  transformation  rules  guarantees 
the  correctness  of  the  interpretation. 
In  addition,  the  transformational  ap¬ 


proach  is  universal  in  the  sense  that 
the  collection  of  rules  can  be  adapted 
to  any  specific  application  in  question. 
For  example,  the  approach  (although  it 
was  originally  devised  for  and  used  with 
sequential  stored-program  machines)  can 
be  extended  to  computational  models  cor¬ 
responding  to  the  new  f i f th-generat ion 
hardware  architectures.  Bauer  confident¬ 
ly  states  that  this  approach  of  scien¬ 
tific  programming  methodology  elucidates 
the  process,  uncovers  inherent  difficul¬ 
ties,  eliminates  uncertainties  and 
random  decisions,  and  leads  to  reliable 
software . 

Research  Results 

The  major  results  of  the  CIP  group 
are  discussed  below. 

As  noted  earlier,  central  to 
Bauer's  research  was  the  development  of 
a  "wide  spectrum  language,"  now  called 
CIP-L.  The  expressive  facilities  of  this 
must  range  from  descriptive,  nonalgo- 
rithmic  definitions  to  machine-oriented 
formulations.  Since  the  methodical  aim 
of  the  CIP  project  was  to  carry  out 
every  program-development  step  by  valid 
transformation  rules,  the  design  of 
CIP-L  had  to  be  coupled  with  the  estab¬ 
lishment  of  suitable  transformation 
rules.  This  approach  led,  in  a  natural 
manner,  to  a  method  which  defines  the 
language  relative  to  a  kernel  language 
by  axiomatically  given--that  is,  defini¬ 
te  (--transformation  rules. 

So  far,  the  essential  foundations 
tor  a  language  that  enables  program  con¬ 
struction  by  transformation  have  been 
firmly  laid  by  work  that  included  inves¬ 
tigations  on  abstract  data  types  and  on 
strictly  algebraic  descriptions  of  pro¬ 
gramming  languages.  The  work  on  semantic 
relations  in  nondeterministic  program¬ 
ming  languages,  on  data-flow  concepts, 
and  on  parallel  programs  has  been  also 
successfully  carried  out.  Now,  the  wide- 
spectrum  CIP-L  language  is  given  by  an 
abstract  syntax  based  on  abstract  data 
types,  and  it  allows  several  "concrete" 
dialects.  Conceptually,  CIP-L  is  divided 
into  the  strictly  applicative  kernel  and 
a  hierarchy  of  extensions  which  are 
reducible  to  the  kernel  via  definitional 
transformations . 

Recently,  work  has  been  also  com¬ 
pleted  on  a  pilot  system  for  program 
manipulation  and  transformation.  This 
system,  called  CIP-S,  operates  on  the 
abstract  CIP-L  languaqe.  The  prerequi¬ 
sites  are  now  available  for  developing, 
under  computer  assistance,  a  formally 
checked  transformation  system  from  its 
specification  to  a  level  that  allows  an 
immediate  transition  into  an  efficiently 
executable  (and  even  portable)  sublan¬ 
guage  of  PASCAL. 
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Gumma ry 

The  development  of  polymeric  hydro¬ 
gels  by  British  scientists  in  Glasgow 
and  London  has  led  to  the  formation  of  a 
company  to  manufacture  and  license  them 
for  use  as  controlled-release  systems. 
The  hvdroqeis  can  be  used  for  stabiliza¬ 
tion  and  delivery  of  drugs  in  treating 
human  and  animal  diseases  and  in  agri¬ 
culture  for  delivery  of  pesticides  and 
insecticides.  The  hydrogels  can  be 
tailored  to  give  sophisticated  release 
rates  of  the  incorporated  drug  over 
periods  of  hours  to  years.  There  are  a 
number  of  possible  uses  in  military 
medicine  for  which  these  polymers  should 
be  explored. 
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Computer  Sciences 


ALGEBRA,  TRANSFORMATION  THEORY,  AND 
KNOWLEDGE  ENGINEERING  PEPLACE  ALCHEMY  AT 
MUNICH'S  TECHNICAL  UNIVERSITY 

by  Paul  Boman.  /  r.  B.oman  is,  the  !  raison 
Scientist  for  i  Busier,  in  Europe  and  the 
Midd'e  Ear  t  for  the  f  ffice  of  ,7 aval 
Be  sc  arch  ’  s  l.ondon  Branch  Office.  He  is 
on  assignment  ;<«  *  -  7  September  1 'Jo  -  . 

Information  sciences,  interpreted 
in  a  very  broad  sense--including  also 
cybernetics  and  the  study  of  certain 


complicated,  structured  abstract  dynami¬ 
cal  physical  systems — have  a  distin¬ 
guished  place  in  the  academic  establish¬ 
ment  of  West  Germany.  Along  with  large- 
scale  central  government  research  insti¬ 
tutes,  many  specialized  university  de¬ 
partments  contribute  work  that  is  often 
pioneering.  (Interestingly,  unlike  in  US 
and  most  UK  universities,  information 
sciences  are  not  organizationally  lumped 
together  with  departments  of  computer 
sciences . ) 

Among  the  oldest  and  most  respected 
university  centers  in  information  sci¬ 
ences  is  the  Institut  fur  Mathematik  und 
Informatik  at  the  Technische  Universitat 
Miinchen  (TUM)  .  One  of  the  first  "big" 
mainframe  computers  in  Europe  was  built 
in  this  institute,  using  thousands  of 
electron  tubes.  (Even  though  the  compu¬ 
ter  has  been  moved  from  its  original 
location — which  currently  serves  as  the 
director's  office--it  is  still  on  dis¬ 
play  on  a  corridor,  presumably  waiting 
for  transfer  to  the  Deutsches  Museum.) 
And  it  was  in  this  institute  that  one  of 
the  first  high-level  computer  languages, 
ALGOL,  was  devised  by  the  director.  Pro¬ 
fessor  F.L.  Bauer,  who,  perhaps  signifi¬ 
cantly,  switched  to  information  sciences 
after  a  successful  career  in  theoretical 
elementary  particle  physics. 

While  ESN  has  reported  on  various 
aspects  of  computer-program  development, 
I  learned  from  casual  discussions  (with 
physicists,  for  that  matter!)  that  TUM 
is  doing  something  very  unusual  and 
exciting — both  in  the  philosophy  of  the 
approach  and  in  the  promise  of  cost- 
efficiency  as  well  as  reliability.  Since 
both  high  reliability  and  cost  savings 
are  priorities  for  the  US  Navy,  I 
decided  to  visit  Bauer's  institute.  It 
turned  out  to  be  a  profitable  trip. 

First  I  discussed  with  Bauer  the 
principal  thrust  of  his  special  work 
group  within  the  institute.  This  group, 
which  calls  itself  Programmiermethodik 
Cruppe  or  CIP  (short  for  Computer-Aided, 
Intuition-Guided  Programming) ,  has  more 
than  20  scientists.  The  group  has  been 
supported  for  the  last  12  years  by  the 
Deutsche  Forschungsgemeinscha f t ,  the 
German  counterpart  of  the  US  National 
Science  Foundation,  through  its 
spec ia 1- focus  program,  Programmienipck- 
nik.  The  participants  in  the  program 
are  with  the  TUM,  the  Computing  Center 
of  the  Bavarian  Academy  of  Sciences,  the 
Faculty  of  Information  Sciences  at  the 
Military  University  of  Munich,  and  the 
Institute  for  Reactor  safety. 

Theoretical  Framework 

Bauer  explained  that  program 
construction  methodology  as  viewed  in 
his  group  is  essentially  a  branch  of 
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The  crystalline-rubbery  hydrogels 
are  made  from  a  liquid  mix  which  is 
poured  or  forced  into  molds.  This  is 
s’milar  to  "reaction  infection  molding." 
Thus ,  blocks,  slabs,  sheets,  cylinders, 
hollow  cylinders,  and  indeed  virtually 
any  shape  can  be  molded.  In  addition, 
subsequent  to  polymerization,  the  mate¬ 
rials  can  be  sliced  or  powdered.  The 
ability  to  slice  is  particularly  impor¬ 
tant  as  the  release  rate  is  critically 
dependent  on  the  thickness  in  such 
shapes  as  slabs.  As  an  example,  a  4-mm- 
thick  slab  device  containing  a  drug  of 
molecular  weight  350  and  diffusion 
coefficient  of  2.5*10~&  cm2  s-1  in  pure 
water  would  be  expected  to  release  the 
contained  drug  over  a  24-hour  period. 
This  means  that  almost  any  drug  can  be 
formulated  in  these  crystalline-rubbery 
hydrogels  to  deliver  on  a  once-per-day 
basis.  In  addition,  if  reasonably 
constant  delivery  is  also  desired,  this 
can  be  programmed  by  the  design  and 
polymer  composition  of  these  materials. 

Another  unusual  feature  of  these 
polymers  is  their  ability  to  stabilize 
otherwise  unstable  materials  such  as 
prostaglandins.  Working  with  M.P.  Embrey 
of  the  John  Radcliffe  Hospital,  Oxford, 
UK,  Graham  has  shown  that  prosta¬ 
glandin  E2  when  incorporated  into  a 
specific  dried  down  crystalline-rubbery 
poly  (ethylene  oxide)  hydrogel  is  stable 
for  at  least  1  year  at  4’C  and  provides 
for  the  first  time  the1  possibility  of  a 
stable,  distributable  pharmaceutical 
dosage  form,  of  this  material. 

Graham  and  Embrey  hope  that  this 
ability  to  stabilize  unstable  substances 
will  apply  to  other  drugs;  and  if  pro¬ 
staglandins  in  general  can  be  stabilized 
and  admi  n  i  steni  us  hydrogel  dosage 
forms,  then  the  replacement  of  intraven¬ 
ous  prostaglandin  therapy  by  oral, 
t ransderma 1 ,  rectal,  or  vaginal  applica¬ 
tions  become  ?  possible.  The  Office  of 
Naval  Research  (ONR) ,  Arlington,  Virgin¬ 
ia,  has  b**en  supporting  research  to 
synthesize  prostaglandin  Bx  (PGBx)  for  a 
number  of  years  now.  These  hydrogels 
may  have  some  application  for  con¬ 
tainment  and  delivery  in  PGBx 
t  herapy . 

These  hydrogels  are  based  on  food 
oid  pharmaceutical  grides  ot  poly (ethyl¬ 
ene  glycols)  registered  with  the  ns  Food 
and  Drug  Administration,  and  are  linked 
by  po  I  y  (uroth-in.es )  ,  which  are  components 
of  a  number  of  established  prosthetic 
implants.  So  the  hydrogels  are  not 
materials  that  one  would  expect  to  pre¬ 
sent  ra lor  toxicity  or  biocompat ibi 1  i  ty 
problems.  Indeed,  this  has  been  shown 
to  be  the  case.  AI 1  tests  to  date  show 
th.it  these  hydrogels  are  very  bioeompat- 
ihie,  though  not  biodegradable. 


Biodegradable  drug  delivery  systems 
present  a  rather  different  range  of 
requirements  from  most  of  the  hydrogel 
devices  discussed  above  (Wood,  1980). 
Biodegradable  systems  are  those  designed 
to  be  implanted  or  injected  and  which 
after  a  given  period  of  time  deqrade  to 
soluble  products  that  are  taken  up  and 
excreted  by  the  body.  The  hydrogels 
mentioned  above  do  not  break  down  and 
must  be  physically  removed  if  implanted 
under  the  skin  or  in  the  vagina.  How¬ 
ever,  if  given  orally  or  inserted  rec- 
tally,  they  are  easily  passed  via  the 
bowel.  Research  is  continuing  both  in 
Graham's  laboratory  and  in  a  number  of 
other  places  to  develop  suitable  biode¬ 
gradable  hydrogels.  Indeed,  some  have 
been  found  and  have  been  tested  for 
delivery  of  contraceptive  steroids  in 
third-world  countries.  Some  have  the 
potential  of  controlling  fertility  for 
as  long  as  2  years. 

It  appears  that  the  research  on 
hydrogels  may  lead  tc  truly  programmed 
delivery  as  opposed  to  essentially  con¬ 
stant  delivery  from  monolithic  devices. 
It  now  seems  that  it  will  be  possible  to 
provide  delayed  drug  delivery  under  cir¬ 
cumstances  that  require  an  increasing 
blood  level  of  a  therapeutic  agent  at  a 
particular  time  of  day--e.g.,  5:00  to 
6:00  a.m.  One  need  of  military  medicine 
could  be  met  if  a  system  could  be 
developed  that  would  release  its  drug 

i .  the  detection  of  a  triggering 

;  ..  jiial .  Such  a  signal  might  be  the 
presence  in  the  bloodstream  of  a  par¬ 
ticular  toxic  agent  or  antigen,  or  it 
might  be  a  signal  sent  in  from  outside 
the  body  by  some  telemetric  method 
(e.g.,  an  electromagnetic  signal). 
These  are  problems  that  have  been  seen 
as  needing  solutions  by  the  ONR  program 
managers.  Finally,  these  hydrogels  have 
been  formulated  as  10-  to  50-nm  par¬ 
ticles  which  have  some  potential  for 
intravenous  drug  targeting. 

Howells  not  only  has  been  using 
Graham's  hydrogels  but  also  has  devel¬ 
oped  some  of  his  own.  Some  of  these  are 
very  slow  rcleasers,  providing  dosage 
over  a  period  of  a  year  or  more.  Howells 
has  recently  found  that  the  frequency  of 
administration  of  antimalarial  drugs, 
such  as  pyrithamine,  can  be  reduced 
from  twice  weekly  to  once  every  4 
weeks  using  an  appropriate  hydrogel 
containing  pyrithamine  pamoate.  Tests 
on  humans,  organized  by  the  World 
Health  Organization,  have  already  given 
good  results.  This  is  another  area  that 
lias  significant  potential  for  military 
use,  in  that  personnel  going  into 
tropical  areas  where  malaria  is 
present  can  '  he  more  effectively  pro- 
t  er ted . 
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other  drug  delivery  systems,  and  how 
they  may  benefit  military  medicine. 

Conor j!  Concepts 

The  use  ot  polymers  in  pharmaceuti¬ 
cal  preparations  is  certainly  not  new. 
both  synthetic  and  natural  polymers  have 
seen  extensive  service  as  carriers  or 
add  i  t  i  ves  for  some  time  now.  Polymeric 
materials  that  swell  rapidly  when  in 
contact  with  gastric  fluid  are  often 
used  as  tablet  d i s 1 n t eg  ran t s  ,  pH-sonsi- 
tive  polymers  are  used  as  enteric  coat¬ 
ings,  and  "inert"  t  lustic  (e.g.,  poly¬ 
vinyl  chloride)  matrix  tablets  have  been 
used  for  sustained  release  of  drugs  for 
a  number  or  years.  The  high  cost 
($10  million  to  t~0  million)  ri  bringing 
a  new  drug  onto  the  market  in  a  suitable 
dosage  form  has  led  to  a  great  deal  of 
research  into  providing  improved  therapy 
using  existing  drugs  in  control  led 
de  1  i  vo ry  nys t oris  . 

There  are  areas,  ether  than  human 
medicine,  in  which  control  led  delivery 
c.f  chemicals,  is  important.  One  is  in 
veterinary  medicine  and  the  other  is  in 
agriculture,  where  insecticides  and 
pesticides  can  be  delivered  m  appropri¬ 
ate  dosages  using  polymers  and  other 
ipproach.es  to  control  led  release. 

There  are  Mnue  things  to  be  con¬ 
sidered  in  therapy  using  controlled 
tic  livery:  (')  the  duration  of  the 

delivery,  (.')  the  delivery  site,  and  (3) 
the  rate  of  delivery  at  any  given  time. 
I'j.'h  of  these  varies  in  importance 
depending  or,  the  phys  i  ochem  i  ca  1  proper- 
t  :  '>s  of  the  drug  and  its  pha  rmaenk  i  net  ,  c 
and  pharmacodynamic  properties  in  the 
therapy  regime.  Controlled  delivery  has 

*  hree  major  advantages :  (!)  better  con¬ 

trol  of  systemic  blood  levels  of  the 
drug  being  adit  i  n  i  s *  ••  red  ,  generally  with 
a  decrease  i  r.  adverse  side  effects,  (.’) 

I  oca  1  i/at. : ;  r.  of  the  a  -t.  ion  of  the  drug 
it  '.  h"  t  irget  organ,  ar.d  (!)  improved 
pitii'!,*  comp  1  i  -in  with  the  therapy 

regime.  'll  ,,  rpsirw!  duration  ot  (I'd  iv- 
■  :  t  cm  b"  Mi  It  t  "d  to  vary  from  several 
Mur:  ,  as  1 1.  t  he  ease  of  ora!  nistu  ined- 
i-o  ;  r:.  formula*  to  months  or  years 

;  :  some  ea  >•.; .  The  most  sought -a  f  *  *- r 

■h  1  ;  very  r  i*  >•  »  i  const  ant  one  m  <n. 

■■If  r*  * '  a'd.ievi.  a  constant  plasma 

for  up  •  ;  r  urn  t  he  rape;  t  l  c  effect. 
ii‘  w*  •  er,  in  marc  c  .ses  it  is  most  desir- 
il.ie  •  o  have  the  drug  localized  in  a 
ga  ■;  I  organ,  where  u  acts  wi  1  limit 

•  i  r  r  !  <  *  1 1  throughout  t.ae  body.  Thus, 
v  *  "M  c  level.,  are  minimised  and  so  tot, 
are  i de  effects.  Several  military  medi¬ 
al  null1  kti;  may  lend  themselves  to  ., 

■  r  *  r ’  1  1 ed  d<  !  i very  approach  which  would 
;  j  i  tie  a  n,a  ;or  advance  over  current 

*  her  ipeu»  ;c  modalities.  A  MS  Na*'y  pro- 

:r  tr  eeking  to  develop  a  system  that 


not  only  will  target  the  drug  to  a  par¬ 
ticular  organ,  but  also  can  be  activated 
on  demand,  and,  when  not  needed,  can 
hold  the  drug  within  the  confines  of  the 
carrier,  isolated  from  the  body. 

Hydrogels 

Essentially,  hydrogels  are  long- 
chain  polymers  that  are  cross-’  inked  to 
form  a  mesh  that  cannot  be  dissolved 
even  by  highly  reactive  biological  com¬ 
pounds  (dilute  hydrochloric  acid,  for 
example).  Most  materials  found  in  livinq 
organisms  have  some  degree  of  water 
content  and  can  be  considered  natural 
hydroqels  (Graham,  1984).  Suitable 
hydrogels  for  drug  delivery  should  be 
mechanically  strong  but  not  brittle  in 
the  dry  state,  swell  at;  a  reproducible 
rate,  and  be  relatively  strong  in  the 
swollen  state.  Among  biomaterials  scien¬ 
tists,  there  is  a  lot  of  interest  in 
using  synthetic  hydrogels  in  manufactur¬ 
ing  prosthetic  devices  and  for  coating 
tubes  to  be  inserted  into  the  human  body 
for  use  as  blood  vessels.  The  largest 
use  of  hydrogels  to  date  has  been  in 
soft  contact  lenses  (Peppas,  1982). 

Synthetic  polymers  tend  to  be 
better  than  natural  ones  for  use  as  drug 
deliverers  because  they  can  be  designed 
to  meet  specific  requirements  and  are 
more  reproducible.  They  can  be  either 
of  a  thernoset  or  thermoplastic  nature, 
but  care  must  be  taken  to  eliminate 
toxic  residues  of  monomer,  initiator, 
stabilizer,  or  drug  modified  by  the 
polymerization  or  sterilization  process. 
The  most-studied  polymers  thus  far  have 
teen  those  based  on  acrylamide  (Davis, 
■974)  and  its  N-sugar  substituted  deriv¬ 
atives  (Akkapeddi  et  al.,  1974),  N- 
vi ny 1  pyrrol idone  (Hosaka  et  al.,  1979), 
hydroxyothyl  methacrylate  (Song,  1981), 
and  poly (ethvlene  oxide)  (Ciba-Geigy, 

! 978)  . 

Graham  and  his  coworkers  in  Glasgow 
have  focused  their  attention  on 
po i y  (et by  1  one  oxide)  hydrogels  cross- 
linked  with  multifunctional  alcohols  and 
d  i  i  .‘.ocyanatos  which  are  typical  polyure¬ 
thanes.  When  they  used  poly (ethylene 
glycol;  )  of  mole  -ular  weights  above 
TOGO,  t  tie  polymers  had  up  to  50-percent, 
crystallinity  in  the  dry  state.  The 
rryrt  a  1 l in*  polymer  is  a  mat  erial  simi¬ 
lar  tn  low-density  polyethylene  in  its 
physical  properties.  Graham  found  that 
: n  the  swollen  s' ate  this  hydrogel 
released  contained  drug  .it  a  rate  pro¬ 
portion.!  1  to  time--'  as  predicted  by  the 
theory  of  simple  diffusion  I rom  the 
device  into  an  infinite  sink.  Tt  is 
f  o;.. sible  to  vary  the  initial  and  lonq- 
term  rate  of  diffusion  of  drugs  f  rom 
.such  polymers  simply  by  altei  inq  the 
physical  shape. 
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rhythms  are  jointly  controlled  by  two 
endogenous  oscillators,  one  of  which 
controls  body-temperature  rhythm  and  is 
unaffected  by  exogenous  factors,  the 
other  controls  the  sleep/wake  rhythm  and 
can  be  affected  by  exogenous  factors. 
Normally  both  run  with  24-hour  periods, 
but  with  altered  sleep/wake  cycles  or 
temporal  isolation,  internal  desynchron¬ 
ization  occurs  and  the  two  rhythms  sepa¬ 
rate  anu  run  with  different  periods. 
Other  physiological  rhythms  appear  to 
run  with  one  or  the  other  of  these.  How¬ 
ever,  working-memory  performance  rhythm 
appears  to  separate  from  both  and  run 
with  a  21-hour  period. 

The  research  technique  involves 
isolating  volunteer  subjects  from  natur¬ 
al  time  cues  and  then  progressively 
1  engther.  ir.g  or  shortening  their  days 
with  artificial  time  cues  over  a  period 
of  many  days  (28  in  one  experiment). 
Various  physioloqi ca 1  and  psychological 
variables  are  repetitively  measured  over 
this  period. 

It  is  found  that  performance  on 
simple  letter  cancellation  tasks  seems 
to  run  with  body  temperature.  With  verb¬ 
al  reasoning  tanks,  however,  some  sub¬ 
jects  show  systematic  departure  from 
this  rhythm,  to  reach  a  period  of  21 
hours.  Subsequently  performance  for  some 
subjects  is  resynchronized  to  the  tem¬ 
perature  rhythm;  for  others  the  21-hour 
period  is  maintained,  at  least  within 
the  string  of  days  so  far  studied.  The 
implication  of  the  individual  differen¬ 
ces  lure  is  that  some  subjects  are  more 
taxed  than  others  by  the  given  task 
demands,  because  of  differences  in 
mental  ability. 

Tn  further  work  with  the  same  para- 
dicn,  Folkard  reports  aqain  that  work¬ 
ing-memory  tasks  depart  from  serial 
search  and  body-temperature  rhythms. 
Furt hormore,  it  appears  that  different 
subjects  use  different  strategies  in 
tasks  at  different  times  of  day.  And  on 
a  syllogisms  task,  subjects  divided  into 
those  whose  rhythm  seemed  to  follow  a 
21 -hour  cycle  and  those  whose  rhythm 
seemed  to  follow  a  27-hour  cycle;  nei¬ 
ther  matched  the  physiological  cycles. 
Further  analyses  of  data  collected  by 
another  invest i gator  in  Sweden  also  sug¬ 
gested  the  "post -lunch  dip"  in  both 
adrenalin  and  oral  temperature  that  is 
often  experienced,  but  this  occurred  in 
subjects  who  had  not  had  lunch. 

It  is  clear  that  both  physiological 
and  psychological  rhythms  can  be  associ¬ 
ated  with  performance  variations  both 
within  and  between  persons.  The  varia¬ 
tions  appear  substantial  and  thus  of 
practical  concern  in  military  and  civil¬ 
ian  situations  in  which  performance  in¬ 
volving  working  memory  load  is  critical 


even  though  sleep/wake  or  time-zone 
shifts  are  also  inevitable. 
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HYDROGELS  FORM  NEW  BASIS  FOR  DRUG 
DELIVERY  IN  SYSTEMS  BEING  DEVELOPED  BY 
SCOTTISH  FIRM 

by  Thor, as  C.  Feezed.  Lr.  Rozzell  is 
ike  d'aison  Sciintiet  for  biological 
sciences  in  Europe  and  the  Middle  Fact 
for  ike  Office  of  Canal  Research's 
London  Branch  Office.  be  is  cn  reas- 
signren *  until  August  Zc6C  from  the 
office  of  Naval  Research ,  Arlington, 
Virginia,  where  he  is  Program  Manager 
fc  r  F  ioele  ?  f.  ror.agne  i  ' or  . 

The  British  Technology  Group  and 
the  University  of  Strathclyde  (Glasgow, 
Scotland)  last  November  jointly  invested 
B250,000  in  Polysystems,  Ltd.  This  new 
company  was  formed  at  Strathclyde  to 
manufacture  and  license  hydrogels  for 
druq  delivery. 

Hydrogels  are  polymeric  materials 
that  have  the  ability  to  swell  to  a  high 
degree  in  contact  with  water,  yet  do  not 
dissolve  in  water.  They  have  been  the 
subject  of  intensive  research  for  sever¬ 
al  years  by  a  team  led  by  Professor  Neil 
Graham  in  the  Department  of  Pure  and 
Applied  Chemistry  at  the  University  of 
Strathclyde  and  by  Dr.  Robert  Howells  in 
the  Liverpool  School  of  Medicine  in 
London.  These  polymers  have  a  number  of 
unique  properties  that  make  them  poten¬ 
tially  suitable  for  delivery  and  con¬ 
trolled  release  of  a  number  of  drugs. 
Many  of  the  techniques  that  are  being 
explored  could  be  of  significant  value 
in  several  areas  of  military  medicine. 
In  this  article,  I  will  discuss  the 
characteristics  of  hydrogels,  how  they 
are  used,  what  advantages  they  have  over 
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Geometric  illusions  in  reading 
graphs . 

Spatial  frequency  masking:  inte¬ 
gration,  non-linear  compression  or 
adaptation? 

Orthographic  segmentation  process¬ 
es  in  visual  word  identification. 

Interference  between  faces  and 
written  names. 

Processing  of  phobia-re  la  ted 
words . 


Univ.  of  Waterloo,  Canada  Orthographic  and  phonological 

codes  in  oral  reading  of  Japanese 
Kana . 


and  reading  ability,  but  with  a  substan¬ 
tially  impaired  auditory  memory  span  not 
due  to  apparent  input  or  output  defi¬ 
cits.  The  impairment  was  shown  by  vari¬ 
ous  tests  to  be  functionally  in  the 
phonological  store  necessary  for  main¬ 
tenance  rehearsal  and  phonological 
analysis.  The  deficit  did  not  impair 
language  comprehension.  The  suggestion 
is  that  the  normal  storage  mechanisms 
involved  in  auditory  memory  span  tasks 
are  rot  necessary  for  fluent  speech  pro¬ 
duct  ion  or  comprehension  and  that  the 
subject's  deficit  is  more  a  problem  of 
abstract  phonemic  awareness  and  manipu¬ 
lation  than  it  is  a  structural  problem. 
The  results  are  consistent  with  Badde- 
iey ' s  working-memory  hypothesis. 

Sloboda  reported  a  case  study  of  _n 
autistic  person  of  exceptional  musical 
talcnt--who  can  memorize  arid  perform 
complex  piano  music  after  only  a  few 
hearings,  but  shows  only  low  normal 
verbal  memory.  Most  evidence  on  musical 
memory  suggests  that  many  errors  occur 
in  learning  and  many  reconstructions  are 
required;  memory  appears  to  be  for  the 
gis*  of  a  piece,  as  in  verbal  memory  for 
♦-ex*-.  However,  there  is  sketchy  evidence 
from  some  musicians  and  some  idiot  sa¬ 
ints  that  special  memory  abilities  are 
involved,  ar.d  there  is  the  claim  that 
Mozart  displayed  almost  perfect  tonal 
memory.  Sloboda  compared  the  autistic 
individual  with  a  professional  pianist 
in  learning  complex  piano  pieces.  The 
comparison  was  designed  to  show  whether 
the  autistic  person  had  abnormally  high 
memory  span  for  tones,  or  normal  exper¬ 
tise*  coupled  with  a  narrow  window  of 
attention.  Thus,  tonal  (Grieg)  and 
atonal  (Rartok)  pieces  were  chosen  for 


learning.  The  autistic  subject  learned 
the  Grieg  in  four  repetitions  requiring 
only  12  minutes,  with  only  minor  melody- 
errors,  whereas  the  professional  pianist 
showed  good  recall  of  the  first  eight 
bars  but  massive  retroactive  interfer¬ 
ence — new  sections  destroyed  memory  for 
earlier  sections--and  many  major  harmony 
errors.  However,  the  autistic  subject 
did  relatively  poorly,  while  the  profes¬ 
sional  pianist  did  relatively  well,  with 
the  atonal  Bartok  piece.  Analysis  of  the 
performances  suggested  that  the  autistic 
subject's  ability  involves  extremely 
accurate  tonal  memory,  large  span,  and 
an  internal  representation  of  the  music 
that  is  highly  structured. 

Working  Memory  in  Relation  to  Circadian 
Rhythmicity  in  Performance 

Folkard  discussed  new  research  on 
circadian  rhythms  in  human  performance 
in  the  context  of  his  previously  pub¬ 
lished  studies  (see  Folkard,  Wever,  and 
Wildgruber,  1983).  It  is  appropriate 
here  to  summarize  both. 

Circadian  rhythms  are  known  to 
exist  not  only  in  physiological  process¬ 
es  but  also  in  many  measures  of  human 
performance.  The  demands  placed  by  a 
task  on  the  performer's  working  memory 
appear  to  play  a  large  role  in  deciding 
the  time  of  day  at  which  it  is  best  per¬ 
formed.  Such  task  demands  may  also  re¬ 
late  to  the  speed  with  which  performance 
rhythms  adjust  to  the  sorts  of  changes 
in  sleep/wake  patterns  involved  in 
shift-work  and  time-zone  changes.  A 
multioscillatory  model  that  applies  to 
physiological  rhythms  may  also  apply  to 
these  psychological  performance  rhythms. 
This  model  assumes  that  all  circadian 
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or*-.!'  fst  effect  even  though  the  A1  con- 
f  <•::*  of  the  particles  is  only  1  percent. 

:  h--  co.ti  sorting  rate  of  the  (Ti,Al)  N 
:  j.  ■  i.-’.es  is  much  greater  than  that  for 

The  composition  of  the  precipi¬ 
tates  in  Ti+V  and  Ti+Nb  steels  varies 
v. :  ’  h  the  sixe  of  the  precipitate.  The 
'!  i  content  increases  with  particle  size 
for  t  he  Ti+V  step's,  but  decreases  with 
size  tor  the  Ti+Nb  steel. 

3.  Following  welding,  the  parti- 
■  ;>•:!  in  the  HAZ  approach  pure  TiN  for 

Let;.  Ti+V  and  Ti+Nb  steels.  Strid  shows 
that  this  behavior  is  predicted  by  the 
equilibrium  conditions  of  a  regular 
solution  model  involving  one  intersti¬ 
tial  and  two  metallic  elements. 

4.  He  developed  a  kinetic  model 
for  the  dissolution  of  particles  con¬ 
taining  two  metallic  elements.  By  using 
this  model  he  shows  that  significant 
deviations  from  equilibrium  particle 
compositions  can  result.  Particles  con¬ 
taining  elements  with  widely  varying 
di  ffusi  vities  (Ti  and  Nb)  are  governed 
by  kinetic  considerations  more  than  par¬ 
ticles  containing  elements  of  similar 
diffusivity  (Ti  and  V). 

5.  This  model  can  be  used  to  de¬ 
scribe  the  coarsening /dissolution  kinet¬ 
ics,  and  thus  the  grain  growth  kinetics 
during  a  welding  thermal  cycle.  This 
model  predicts  that  as  long  as  the  cool¬ 
ing  time  between  300°C  to  SOO^C,  At,  is 
greater  than  100  seconds,  the  particles 
will  reach  their  equilibrium  composi¬ 
tions. 

6.  The  study  clearly  showed  that 
because  of  the  high  temperature  stabil¬ 
ity  of  TiN  precipitates,  they  are  more 
effective  in  grain  size  control  during 
high-energy-input  welding.  This  may  be 
degraded  if  other  nitride  forming 
elements  are  present  without  sufficient 
N  to  assure  that  all  of  the  Ti  reacts  to 
form  TiN  (and  not  the  lower  temperature 
carbides) .  If  the  C/N  ratio  is  too  high, 
carbon-rich  precipitates  form  which 
reduce  the  dissolution  temperature  of 
the  particles. 

The  role  of  inclusions  and  other 
precipitates  in  controlling  the  micro- 
structure1  of  steels,  especially  welds, 
is  finally  beginning  to  be  appreciated 
arid  understood.  Studies  like  this  one 
by  Stride  arn  making  a  great  contribu¬ 
tion  to  the  development  of  better  mate¬ 
rials. 

Summary 

All  phases  of  Easterling's  research 
have  a  common  theme:  Use  basic  funda¬ 

mentals  of  thermodynamics  and  kinetics 
to  develop  semiempirical  models  of 
various  phenomena  that  occur  during  the 


processing  of  materials.  These  models 
have  been  shown  to  be  very  useful  in 
understanding  the  metallurgical  changes 
which  result  from  some  very  complex  pro¬ 
cessing  methods:  welding,  HIP,  and  sur¬ 
face  hardening.  With  the  use  of  these 
models,  especially  when  they  are  presen¬ 
ted  in  the  form  of  maps  or  diagrams, 
basic  science  is  brought  to  engineers  ir. 
a  format  that  will  help  them  select 
parameters  of  a  process  to  achieve  the 
most  desirable  material  properties. 
There  are  many  complex  processes  still 
to  be  handled  in  this  way  (solidifica¬ 
tion  is  an  excellent  example).  I  hope 
that  Easterling  will  continue  with  his 
research  on  mechanism  mapping  in  order 
for  the  engineer  to  take  advantage  of 
the  materials  scientist's  understanding 
of  the  reactions  and  mechanisms  of  many 
different  phenomena  which  occur  during 
the  processing,  fabrication,  and  actual 
service  of  engineering  materials. 
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For  nearly  30  years  the  von  Karman 
■titute  for  Fluid  Dynamics  (VKI)  has 
i,  a:i  international  center  for  educa- 
ir.  and  research  in  fluid  dynamics, 
s  article  reviews  the  orqanization 
education  programs  of  the  VKI  and 
r.  concentrates  on  the  recent  research 
fictions  in  aerodynamics.  This  aero- 
.amies  research,  for  the  most  part 
e i  l.cer. t  a  1  ,  is  on  hypersonic,  super- 
and  high  subsonic  phenomena  in 
’.  :  cat  ictis  of  hiah  military  and  indus- 
a  l  par,  oil. 


" h» •  VK :  ,  located  at  Rhode-St. 

•  in.  the  suburbs  of  Brussels,  Bel- 
r  ,  a-  ip.  established  in  1956  through 

it  .<  :f  Professor  Theodore  von 

•  t  ,  who  w is  then  chairman  of  NATO's 

I  •  :  y  Group  tor  Aeronautical  Research 

:•  ve  ;  .  He  served  as  chairman 

"y :  until  his  death  in  1962,  when  the 
tit  ;•  i  was  renamed  in  his  honor.  The 
Was  ,T".itf(!  to  bring  the  European 


•  •.  r-h  o.ipal.i  lit  ios  in  fluid  dynamics 
t  thr.,e  in  the  US.  With  current 

'  : f  a  n  re s* ‘arch  capabilities  challeng- 
:  *  h'  Ke  o  I  tile  US,  as  illustrated  by 

••  archers  such  ns  Dr.  Art  Him  at  the 
:  i  ;t  i  :m  1  pe:;<-arch  Institute  (FFA)  , 
In,  Sweden ,  and  Dr.  Wolfgang 
i  a •  hornier ,  perhaps  that  need  no 
:“r  exist;  .  Nevertheless,  the  VKI 

•  a..  j,".  important  center  for 

•ar.  •••  :  •  iuca  1 1  on  a  1  procrams  in  fluid 


■  incr.t  director  of  the  insti- 

:  * . :  r  dun  Ginoux,  who  has 

■  i  with  the  VKI  since  its 
•  1 ;  :.oux  and  Professor  J.F. 

in  i  faculty  auii  head  of  the 
i rid  A<  :•<  nautics  Department, 
*  h»  ■■  lu cat  tonal  and  research 
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di  pa  rtmer.t . 

(  .  C 

r.  iu*  i 

-us,  Fnviro.nr.t 

■nt  a  1 

by:;  a 

mi  -s,  and  T: 

i  rbo- 

i  re  ! 

2  faculty  men 

ibe  rs 

. 

ts,  w;  i  1 ;  ,  t 

ota  1 

1  ud  i  ng 


:  :  »  ■:  -  ■  un»  t  ■. 


Educational  Programs 

The  activities  at  the  VKI  concen¬ 
trate  on  advanced  educational  programs. 
VKI  provides  three  programs  for  students 
holding  at  least  an  undergraduate  degree 
in  science  and  engineering.  Additional¬ 
ly,  VKI  provides  a  short  training  pro- 
qram  for  qualified  undergraduates  as 
well  as  a  lecture  series  of  1-week 
courses.  Tuition  is  free  in  any  of 
these  programs,  except  for  the  lecture 
series,  for  students  from  NATO  countries 
providing  support  to  the  VKI. 

The  basic  course  is  the  1-year 
diploma  course  comprising  lectures,  lab¬ 
oratory  sessions,  and  independent  re¬ 
search  in  one  of  the  areas  represented 
by  the  three  departments  mentioned 
above.  An  independent  research  project, 
either  basic  or  applied  of  an  experi¬ 
mental  or  theoretical  nature,  forms  a 
major  part  of  the  program.  Past  pro¬ 
jects,  for  example,  have  dealt  with 
characteristics  of  low  speed  wings  in 
slide slip,  and  rotating  stall  in  axial 
compressors.  Approximately  30  students 
per  year  participate  in  this  program, 
which  is  intended  to  prepare  students 
for  industrial  work  or  for  participation 
in  either  of  the  two  advanced  programs. 

The  Advanced  Program  in  Basic  Re¬ 
search  is  a  2-  to  3-year  program  intend¬ 
ed  to  lead  to  a  doctoral  degree.  The 
doctoral  degree  is  not  awarded  by  the 
VKI  but  rather  by  a  university  having  an 
affiliation  with  the  VKI.  In  most  cases, 
attendance  in  the  VKI  diploma  course  is 
a  requirement  for  entering  this  program, 
although  students  with  a  strong  back¬ 
ground  in  fluid  dynamics  may  waive  this 
req  ’ rement .  Approximately  15  students 
per  year  participate  in  this  program. 

The  Advanced  Program  in  Applied  Re¬ 
search  is  a  1-year  program  for  engineers 
with  a  doctoral  degree  or  equivalent 
experience  to  conduct  an  advanced  pro¬ 
gram  in  applied  research.  This  program 
is  intended  to  develop  the  skills  needed 
in  solving  complex  fluid  dynamics  prob¬ 
lems  of  an  industrial  nature.  Typically 
10  people  are  involved  annually. 

The  Short  Training  Program  for 
undergraduate  students,  one  of  the  VKI’s 
newer  programs,  has  become  the  most  pop¬ 
ular,  attracting  approximately  75  stu- 
cer.tf-  for  a  period  of  1  to  3  months. 
Students  become  acquainted  with  the  work 
f  fluid  dynamicists  through  participa¬ 
tion  :  r,  a  special  research  project. 

1" a  inli  m  Ae tody namics 

The  Aerospace  and  Aeronautics  De- 
i  irtrnerit,  lu-aded  by  Wendt,  is  undertak¬ 
ing  a  series  of  research  projects  in  the 
hypet  sonic,  supersonic,  and  high  subson¬ 
ic  .onions.  Most  of  this  work  is  experi- 
"o  .t  .  1  ,  which  is  a  reflection  of  the 


research  interests  of  the  personnel  and 
the  presence  of  substantial  experimental 
facilities.  A  new  appointment,  to  be 
made  soon  in  computational  fluid  dynam¬ 
ics,  will  broaden  the  research  capabili¬ 
ties  of  the  department. 

Research  in  hypersonics  is  being 
increased  as  a  result  of  the  desire  to 
investigate  issues  important  to  the  de¬ 
sign  of  proposed  new  vehicles.  Although 
this  research  is  not  funded  by  specific 
contracts,  it  is  spurred  by  several 
factors.  Among  these  are  the  French 
HERMES  concept  for  a  manned  reusable 
craft  which  would  ride  into  orbit  on  the 
Ariane  5  launcher,  and  plans  in  the  US 
for  a  military  spacecraft  which  can  take 
off  and  land  horizontally  (called  the 
t ransatmospheric  vehicle).  Both  of 
these  vehicles  involve  hypersonic  speed 
in  reentry  for  which  heat-transfer 
effects  will  be  extremely  important. 

A  benchmark  experimental  study  on 
shock-wave  and  boundary  layer  interac¬ 
tion  is  being  conducted  in  the  superson¬ 
ic  regime.  This  experimental  research, 
supported  by  the  US  Air  Force  Office  of 
Scientific  Research,  is  intended  to 
provide  accurate  experimental  data  in  a 
complex  flow  situation  to  test  the 
validity  of  various  existing  computa¬ 
tional  algorithms.  In  the  past  it  has 
been  difficult  to  obtain  both  experi¬ 
mental  and  numerical  data  under  the  same 
initial  and  boundary  conditions.  In 
this  experimental  work,  Wendt  reported 
that  he  had  been  able  to  obtain  laser 
Doppler  velocimetry  measurements  within 
0.1  mm  of  the  surface  of  the  object. 

The  high  subsonic  research  is  in¬ 
vestigating  the  effects  of  compressibil¬ 
ity  on  vortical  flows  from  a  delta-wing 
structure.  Even  at  free  Mach  stream 
numbers  of  only  0.5,  they  have  observed 
embedded  shock  structure  for  flows  over 
the  wing  surface.  These  experimental 
observations  are  consistent  with  some 
recent  computational  work  of  Dr.  Art 
Rizzi  of  FFA ,  who  has  also  "observed" 
these  embedded  shocks  usinq  his  three- 
dimensional  Euler  codes. 

There  has  also  been  some  recent 
work  on  reducing  after-body  drag  due  to 
vortex  flow  fields  with  a  consequent 
decrease  in  fuel  consumption.  Military 
transport  aircraft,  such  as  the  C-130 
and  the  C- 1 4 1 ,  are  particularly  suscep¬ 
tible  to  this  problem  because  of  the 
highly  upswept  afterbody.  Wendt  stated 
that  their  experimental  results  had  led 
t.o  some  retrofit  plans  by  Lockheed- 
Georqin  on  the  C-130. 

Cone  1  us  ion 

The  VKI  serve:,  an  important  dual 
role  of  training  and  research  in 
fluid  dynamics.  In  particular,  important 


experimental  work  in  aeronautics  is 
being  conducted;  the  results  should  be 
useful  in  the  design  and  operation  of 
future  aeronautical  systems. 
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Large  eddy  breakup  devices  (LEBUs) 
were  a  principal  topic  for  discussion  at 
the  EUROMECH  181  colloquium.  Thin  rib¬ 
bons  placed  in  tandem  across  the  outer 
portion  of  a  turbulent  boundary  layer 
provide  marked  reduction  in  frictional 
coefficient,  but  a  total  drag  reduction 
of  at  most  5  percent  experimentally  to 
date . 


Background 

Drag  reduction  in  turbulent  bound¬ 
ary  layers  was  the  topic  of  EUROMECH 
181,  held  at  Salts jobaden ,  Sweden,  from 
29  through  31  August  1984.  EUROMECHs 
are  scheduled  by  an  applied  mechanics 
colloquium  committee  chaired  by  Profes¬ 
sor  G.K.  Batchelor  of  Cambridge  Univer¬ 
sity  on  various  special  topics  in 
applied  mechanics  at  various  research 
activities  and  universities  throughout 
Europe.  They  are  intended  to  encompass 
a  specific  topical  area  of  current 
interest  and  to  be  limited  in  attendance 
to  people  involved  in  ongoing  investiga¬ 
tions  related  to  the  subject.  The  meet¬ 
ings  are  quite  informal,  and  it  is  not 
customary  to  publish  the  proceedings  of 
the  meetings.  Attendees  are  encouraged 
to  present  ongoing  research  which  has 
not  yet  reached  completion.  Approxi¬ 
mately  40  investigators  attended  this 
meeting;  nearly  half  came  from  Sweden, 
but  there  was  good  representation  from 
West  Germany,  Enaland,  The  Netherlands, 
and  Switzerland.  1  was  the  only  US 
part ici pant . 


Dr  at;  Reduction 

Various  techniques  for  drag  reduc¬ 
tion  are  currently  being  investigated. 
T  reported  on  techniques  for  delaying 
transition  from  laminar  to  turbulent 
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t  low  ir.  V  39-3:9  0-99  (1985),  and  on 

the  use  ot  longitudinal  riblets  in  ~ .  Y 
39-3:00-61  (19,5).  These  wire  also  dis¬ 

cussed  at  El'ROMECH  18  1,  but  little 
J.e-.-op.j  the  previously  reported  in  forma- 
tier.  developed.  Not  king  was  reported  at 
this  mooting  or.  the  use  of  ler.q  chain 
polymers  in  the-  boundary  layer  or  on  the 
use  of  eor.pl  iar.t  coatings  beneath  the 
boundary  1  aver.  The i ...  was  only  one  paper 
r*  •  1  a  t  ed  to  suction .  I  shall  t  hero  fore 
: t  here  or.  th>.*  papers  related  to  t  he 
use  of  ! a rye  eddy  breakup  (LEBU)  devices 
fur  the  reduction  ot  tuibulent  boundary 
layer  drag.  Here  the  European  fluid 
iy:  imirs  community  is  quite  active. 

1:.  its  earliest  concept  ,  a  LEBU  was 
very  porous  structure  placed  in  the 
outer  portion  of  a  turbulent  boundary 
layer.  The  purpose  of  this  device  was 
to  break  up  the  large-scale  eddies  which 
ire  considered  ?  ,  be  responsible  for  the 
substantial  inject  ion  of  i  r  rot  a  t  lona  1 
fluid  from  outside  :: :  the  boundary  layer 
deep  into  f  he  boundary  layer.  It  was 
f»*lt  that  :  f  this  process  could  be 
i  r.pvdod ,  then,  the-  frict  zonal  drag  at  the 
wail  *c,g  id  be  substantially  reduced. 

Some  of  the  earliest  investigations 
were  conducted  at  the  Illinois  Institute 
of  Techno  logy  (I  IT)  by  H.M.  Naqib  and 
hi  p  coworkers  (Corke,  Guezennec,  and 
Naqib,  1580)  ,  and  by  D.M.  Bushneil  and 
his  colleagues  at  the  National  Aeronau¬ 
tics  and  Space  Administration  (NASA), 
bang  ley ,  Virginia  (Hefner,  Weinstein, 
and  Bushneil,  1980).  Both  groups  found 
that  a  lattice-like  structure  of  ribbons 
stretched  laterally  across  the  outer 
portion  of  a  turbulent  boundary  layer 
resulted  in  some  reduction  i  r,  the  local 
frictional  resistance  coefficient  suffi¬ 
ciently  far  downstream,  behind  the  de¬ 
vice.  The  local  skin  frictional  resist¬ 
ance  coefficient  is  defined  as  the  ratio 
of  the  local  shear  stress  on  the  bound¬ 
ary  to  the  free  stream  dynamic  head. 
Reduction  of  frictional  resistance  is 
not  the  whole  story,  however,  for  there 
is  drag  on  the  LEBU  itself.  For  these 
earlier  lattice  configurations,  the 
device  drag  greatly  exceeded  the  reduc¬ 
tion  in  the  s t reamwi se- i n tegra ted  wall 
irictional  res i stance .  It  then  appeared 
that  a  tandem  two-ribbon  configuration 
should  have  lower  device  drag,  part  1 y 
because  the  after  ribbon  would  be  in  a 
lower  speed  wake  created  by  the  forward 
ribbon.  Figure  3,  discussed  in  detail 
1  a*  «-r  ,  shows  a  tandem.  LEBU  in  place  in  a 
turbulent,  boundary  layer.  Initial  tests- 
•  :  a  *  ir.dem  LEPV  by  the  I  ;y  group  showed 
-  :r.'  j  -percent  reduct  ion  in  the  local 
ft:  •  •  i  on  a  1  drag  coefficient  c,  commeti  — 
.  r  :  ;  -  m.e,  1  ;  a  t  1  y  behind  the  device  arid 

■  x  ’  ■  ■  r.d  i  r  g  downstream  1 1  r  a  distance 
j  u  l  v  •  1  •  • : .  ‘  ►  o  at  least  -a,  bounda  r  v  layer 


thicknesses  (Corke,  Nagib,  and  Guezen- 
nec,  1982).  The  results  further  indica¬ 
ted  15-  to  20-percent  total  drag  reduc¬ 
tion.  The  IIT  experiments  were  repeated 
at  NASA,  I.angley,  by  Bushneil  arc:  his 
Colleagues.  They  could  not.  reproduce 
Lire  ITT  results,  finding  instead  or.ly 
(.-.-percent  total  drag  reduction.  More¬ 
over,  the  frictiona’  resistance  nduc- 
tior.  immediately  behind  the  device  de¬ 
veloped  gradually  rather  than  abruptly. 
Nevertheless,  the  tandem  con  I  igurat.  ion 
today  seems  to  be  the  most  promising  and 
was  the  sole  type  of  LEBU  discussed  at 
EUROMECH  181. 

The  Coint  Swed ish-Swi ss  I KBU  Program 

A  joint  program  investigating  the 
development  and  application  of  I.EBUs  is 
being  conducted  by  the  Aeronautical  Re¬ 
search  Institute  of  fweden  (FFA) , 
Bromma,  Sweden ,  and  the  Laboratoire  ae 
Mecanique  des  Fluids,  Swiss  Federal 
Institute  of  Technology  (EPFI.)  ,  Lau¬ 
sanne,  Switzerland.  Figure  1  typifies 
one  of  the  earlier  experimental  results 
obtained  in  the  EPFL  subsonic  wind 
tunnel  using  tandem  LEBUs.  In  Figure  1, 
dx  is  the  separation  between  the  ribbons 
trailing  edges ,  L  is  the  length  ot  a 
sjnale  ribbon,  t  is  the  ribbon  thick¬ 
ness,  and  h  is  the  height  of  the  tandem 
ribbons  above  the  wall,  all  expressed  in 
millimeters.  The  local  skin-friction 
coefficient  is  given  in  the  ordinate, 
and  the  distance  downstream  of  the 
trailing  edge  of  the  LEBU  in  millimeters 
is  given  in  the  abscissa.  The  tunnel  fan 


Figure  !  .  Local  ran  frier  :  r -r  as  func¬ 
tion  <  • '  p'  .s  1 1  o  r.  ( . i x  I  ’  I  1  .  I  «  ( ,  t  -  (.. .  1  t 
(  !  r  -  >r  !'■  i  t  i  1  r  ud  ,  '!  r  in  :  g  ,  and  Ave  1  !  ur: , 

1  9  H  2  ;  r  *  j  :  -dm  -i  :  1  ,  }  ■  rm  issr:  d’  t  hr 

Am*  r  t  •  mi.  1  n s  ‘  :  t  1 1  t •  -if  A>  ■  i  •.  i ,.i 1. 1  i  a. 'id 

.As  •  r  ,nuu  t  :  ■ .  ,  I  in  ■  .  )  . 
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^  L  =  SO  T  =0 . 4 
«3  L  =  40  T  =  0  .  4 

>  L  =  30  T  =  0 . 4 
^  L  =  20  T  =  0 . 4 
3  L  =  40  T  =0 .  1 
O  L=30  T=0.0S 


F !  q, ;  rn  :  .  Patio  Ct-  at  2 .  4  5  m  for  different  configurations,  L/DX/T/H  =  15  mm. 


::<r's  are  directly  proportional  to  the 
free  st  real-;  velocity  in  t  he  wind  tunnel. 
The  frictional  coefficient  Cf  was 

do?  i  ■  rrr:  l  neu  using  Preston  tubes.  This  is 
s  it  us  factory  sufficiently  far  downstream 
:  i  r.EBU  where  the  flew  has  returned  to 
l  n  i  i  a  t  1 1 .  In  principle,  the  measure¬ 
ment  or  t  he  st  reamwi  gradient  of  the 
!•  r/.ntur  ‘hickness  of  the  boundary  layer 
would  be  correct  everywhere  behind  the 
r.K'U.-.  Such  a  me i surement  was  not  used 

:  . ease  a  different  run  would  be  requir- 

.  r:  f . ,  measure  a  velocity  profile  at  each 
downstream  position.  Thus,  repeatability 
f  resn  1  *  •-  wou  1  d  be  in  question.  It  is 
•ifficuli  t „  get  an  accuracy  bet  ter  than 
,  * i .  percent  by  either  method.  More- 

•ver ,  the  measurements  are  also  plagued 
i  ,  i!  i  f  f  l  rul  ties  with  transverse  varia¬ 
tion  ir.  t  he  skin  friction  coefficient. 
Ne- •«.  r  t  he  loss  ,  it  is  quite  evident  that  a 
:  rob  r.geii  region  <  f  sinnificant  reduc- 

*  im  -  f  the  skin  friction  coefficient 
■  1 1  n  !  .o  ,'i.  t  a  i  ni  d . 

y.  Veuve  and  T.V.  T  runny  presented 

•  i-,  .c;t  recent  in  loin  at  ic.>n  from  FPFI 

whi'di  re.su  1 1  ed  fmr  a  systematic  veria- 

i  i  r:  '  ■  \  *  ha  ■  t  undein  LFBU  dimensional 

■  ,,  .reform.  The  imsults  of  t  hi  s  recent 

:  . . it  iy.it  ;  i  -r  ire  summarized  in  Fig- 

ure  Hete  the  ratio  of  the  local 


frictional  coefficient  with  the  LEBU  in 
place  to  that  without  is  given  in  the 
ordinate.  The  abscissa  is  the  gap  DX 
between  the  two  ribbons.  Data  are  given 
also  for  various  ribbon  lengths  L  and 
thicknesses  T.  All  data  are  for  a  ratio 
of  height  of  the  LEBU  above  the  wall  to 
the  total  boundary  layer  thickness  equal 
to  0.68.  We  see  the  following  facts  from 
Figure  2:  (1)  5-  to  20-percent  reduction 
in  local  frictional  coefficient  Cf  was 
obtained;  (2)  the  ribbons  with  the  mini¬ 
mal  thickness  T  performed  better;  (3) 
the  results  for  different  ribbon  separa¬ 
tions  DX  were  inconclusive;  and  (4) 
there  is  a  spatially  periodic  variation 
in  the  local  frictional  coefficient  Cf 
going  downstream.  It  is  of  interest  that 
this  period  is  essentially  the  same  as  a 
separation  DX  of  the  ribbons.  In  the 
earlier  experiments  at  EPFL,  one  tandem 
configuration  gave  5-percent  net  drag 
reduction,  based  upon  a  comparison  of 
momentum  thicknesses  8  at  the  furthest 
downstream  measurement  position  of 
2.45  m  from  the  LEBU  trailing  edge 
(Rertelrud,  Truong,  and  Avellan,  1982). 
This  configuration  had  dimensions 
L/DX/T/H  =  10/27/. 05/15  in  millimeters. 
Total  drag  change  was  not  reported  for 
the  most  recent  test  configurations. 
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Truong  and  Veuve  of  EPFL  and  A. 
Berteirud  of  the  FFA  reported  their  most 
recent  results  in  the  construction  of  a 
similarity  scheme  for  determining  the 
mean  velocity  profile  development  behind 
a  I.EBU .  This  semi-empirical  scheme 
involves  the  use  of:  (1)  a  law-of-the- 
wall  representation  attributable  to 
van  Driest,  (2)  a  Gaussian  ribbon-wake 
profile,  and  (3)  for  the  outer  boundary- 
layer  wake  region,  a  Thompson  profile 
modified  by  Sarnecki * s  intermit tency 
function.  This  scheme  is  not  used  to 
predict,  drag  reduction,  for  the  local 
friction  coefficient  Cf  is  an  input  to 
the  scheme;  it  is  intended  rather  to 
facilitate  comparisons  between  various 
LEBU  configurations,  to  provide  an 
initial  input  to  a  computational  fluid 
dynamics  study,  and  finally  to  estimate 
the  effect  ot  mean  pressure  gradients  on 
LEBU  performance.  Their  results  show 
that  a  remarkably  good  comparison  was 
obtained  between  the  calculated  mean 
profiles,  in  accordance  with  the  simi¬ 
larity  scheme  and  experimental  results, 
spanning  the  range  from  directly  behind 
the  I.EBU  until  the  I,EBLT  wake  was  no 
longer  discernible. 

Berteirud  reported  on  a  very 
interesting  series  of  full-scale  experi¬ 
ments  with,  a  I.EBU  on  a  SAAB  3  2A  Lanson 
swept  wing  attack  aircraft.  The  wing  of 
this  aircraft  has  a  leading  edge  sweep 
of  3  9  degrees  and  a  symmetrical  NACA 
MAC  1 0  section  normal  to  the  35-degree 
.;w"pt  25-percent  cord  line.  It  has  zero 
twist.  A  tandem  I.EBU  was  installed  at 
1  5-percent  chord  paralleling  this  chord 
line  over  approximately  a  quarter  of  the 
wing  span.  Frictional  copf ' .cients  were 
measured  back  to  80-percent  chord. 
Measurements  were  made  from  a  flight 
Mach  number  M  -  0.9?  down  to  stall.  The 

elements  were  not  flat  ribbons  but 
were  cambered  airfoil  sections  with  the 
lift  directed  toward  the  wall.  This  is 
a  very  desirable  feature  to  reduce  the 
element.  drag.  Depending  upon  flight 
conditions,  the  LEBU  was  install  eel  :  tom 
■5*1  *  u  -vi  percent,  of  a  boundary  layer 

t  hickm  So.  Unfortunately,  the  gap 
hv-weer,  elements  wan  less  than  3.5  times 
the  boundary  layer  thickness,  whereas 
>!.*'  ;  referable  value  is  or  the  order  of 
10  i  '  :  j  rdmq  to  NAPA ,  Langley ,  experi¬ 
ments.  M-  wever  ,  the  major  purpose  of 
•  hi.:  *  ect  was  t>.  .determine  the  <-*h,irac- 
ics.  ot  Li. id's  in  full-scale  opera- 
t  lor  **  ,ee  whether  the  device;  ate  in 
my  unsuitable.  The  principal 

ro;.;*:,  ,.f  the  full-scale  flight  program 
date  ate  .m,  follows: 

1.  About  l1'-  t  e.  i  5 -pe  r  i  , -r;  t  1  oca  1 
‘  r  :  1 1  i  ,r,a  1  <dftri  on*  ,  (’ ,  ,  r*vlU' :  t  i  or; 

was  obtain*-.!.  (It  should  be  noted. 


however,  that  this  was  obtained  at  very 
high  Reynolds  number,  Re@,  based  on 
momentum  thickness,  6.  The  values  ranged 
from  8000  to  14,000,  which  should  put  to 
rest  conjectures  made  in  the  past  that 
LEBUs  might  be  totally  ineffective  at 
high  Reynolds  number) . 

2.  Pressure  gradient  compressibil¬ 
ity  and  small  three-dimensional  flow 
effects  did  not  adversely  affect  loca  1 
friction  reductions. 

3.  Overshoot  occurred  on  the  air¬ 
craft —  i.e.,  the  local  frictional  coef¬ 
ficient  sufficiently  far  downstream  be¬ 
hind  the  LEBU  was  in  fact  higher  than  it 
would  have  been  without  the  LEBU  pre¬ 
sent.  As  a  result  no  total  drag  reduc¬ 
tion  was  obtained  with  the  device  as  in- 
sta lied . 

4.  No  effect  on  handling  charac¬ 
teristics  of  the  aircraft  in  any  part  of 
the  flight  envelope  developed.  This  was 
significant  because  it  had  been  feared 
beforehand  that  the  LEBU  might  adversely 
affect  shock/boundary  layer  interaction. 

Experiments  at  the  Cavendish  Laboratory 

A.M.  Savill  reported  on  LEBU  exper¬ 
iments  conducted  at  the  Cavendish  Labo¬ 
ratory  of  Cambridge  University,  UK,  in 
two  different  wind  tunnels.  One  was 
equipped  with  a  skin  friction  balance 
for  direct  measurement  of  skin  friction 
downstream  of  a  LEBU.  The  balance  was 
in  fact  fixed  in  the  tunnel  and  the  LEBU 
located  at  various  positions  forward  of 
the  balance.  The  other  wind  tunnel  was 
equipped  with  a  combined  laser  sheet  and 
whi tu-1 ight-beam ,  smoke-flow  visualiza¬ 
tion  together  with  a  capability  for  hot¬ 
wire  measurement  for  performing  detailed 
studies  of  the  flow  behind  a  LEBU.  Al¬ 
though  no  net  drag  reduction  has  been 
found  as  yet  in  the  Cambr  idge  experi¬ 
ments,  the  flow  visualizations  give  pos¬ 
sibly  one  of  the  clearest  pictures  of 
the  mechanism  of  the  operation  of  the 
device  yet  obtained. 

Figure  3  shows  how  a  tandem  LEBU 
placed  in  the  outer  portion  of  a  turbu¬ 
lent  boundary  layer  operates.  First  we 
consider  a  turbulent  boundary  layer  in 
the  absence  of  a  LEBU .  Its  outer  struc¬ 
ture  consists  of  a  row  of  horseshoe  vor¬ 
tices  inclined  approximately  45-degrees 
downstream  to  the  flow.  These  vortices 
interact  with  a  slow  mutual  overturning, 
causing  an  entrainment  near  their  peaks 
with  th^  outer  irrotational  flow.  The 
horseshoe  vortices  themselves  develop 
from  the  longitudinal  streaking  occurr¬ 
ing  at  the  wall  boundary  layer  and  the 
subsequent  bursting  in  the  sublayer.  The 
entrainment  of  the  outer  irrotational 
flow  is  considered  to  form  an  essential 
part  of  the  feedback  mechanism  by  which 
the  sublayer  bursting  is  maintained. 
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Figure  3.  Operation  of  tandem  LEBU  in  outer  portion  of  turbulent  boundary  layer 
(Mumford  and  Saville,  1983;  reproduced  by  permission  of  the  American  So¬ 
ciety  of  Mechanical  Engineers). 


(Precisely  how  this  occurs  is  a  matter 
of  some  controversy.)  Next,  suppose 
that  a  tandem  LEBU  is  installed  in  the 
outer  portion  of  the  boundary  layer. 
When  a  horseshoe  vortex  encounters  the 
leading  edge  of  a  ribbon  element,  it  is 
stretched  over  the  element  to  such  an 
extent  that  it  is  effectively  severed. 
Tt  is  this  action  that  gave  rise  to  the 
name  LEBU  itself.  However,  Savill  and 
his  coworkers  have  found  that  the  wake 
of  the  element  or  elements  of  the  LEBU 
is  equally  or  more  important  in  the 
overall  process.  A  ribbon  element  devel¬ 
ops  a  very  finely  spaced  vortex  street 
wake.  It  is  this  wake  that  forms  a 
barrier  between  the  outer  portions  of 
the  cut  horseshoe  vortices  and  the  inner 
residual  structure  (Figure  3).  Two 
things  happen:  first,  the  intermittency 
of  the  outer  portion  of  the  boundary 
layer  is  greatly  reduced  with  a  conse¬ 
quent  reduction  in  entrainment  of  irro- 
tational  flow;  second,  the  vortices 
cause  an  upwelling  of  flow  in  the  imme¬ 
diate  vicinity  of  the  wall,  with  conse¬ 
quent  reduced  frictional  resistance.  It 
is  for  this  reason  that  the  Cambridge 
group  dislikes  the  word  LEBU,  and  pre¬ 
fers  the  term  manipulator.  Tandem  LEBUs 
appear  superior  to  a  single  one  because 
the  vortex  street  from  the  upstream  ele¬ 
ment  impinges  upon  the  after  element, 
creating  a  double  vortex  wake  which  pro¬ 
vides  a  more  effective  barrier  than  a 
single  one.  On  the  other  hand,  the  fric¬ 
tional  resistance  of  the  two  elements 
that  are  separated  is  in  fact  higher 
than  it  would  have  been  if  the  two  ele¬ 
ments  were  without  gap,  the  device  drag 
being  increased  by  approximately  32  per¬ 
cent.  There  is,  however,  the  possibility 
that  the  vortex  street  from  the  upstream 


wing  element  can  produce  just  the  right 
oscillatory  effect  upon  the  after  ele¬ 
ment  such  that  a  thrust  component  on  the 
after  element  evolves  reducing  the  total 
device  drag.  This  is  sometimes  termed 
the  Katzmayr  effect.  It  is  readily  cal¬ 
culated  from  linearized  unsteady  airfoil 
theory  by  determination  of  the  net 
leading  edge  suction. 

Concluding  Remarks 

Although  European  efforts  at  turbu¬ 
lent  boundary  layer  manipulation  by 
LEBUs  have  been  intelligently  developed 
with  very  considerable  physical  insight 
into  the  process,  results  in  terms  of 
total  drag  reduction  to  date,  about  6 
percent,  are  somewhat  meager.  Separa¬ 
tion  of  the  various  drag  contributions 
is  quite  difficult,  and  it  is  complica¬ 
ted  by  transverse  variations.  The  over¬ 
shoot  effect  is  particularly  trouble¬ 
some,  and  it  may  well  be  necessary  to 
install  additional  LEBU  devices  every  80 
to  100  boundary  layer  thicknesses  down¬ 
stream  in  order  to  prevent  this.  Occa¬ 
sionally  the  investigators  get  a  bit 
discouraged  about  the  possibility  of 
recouping  the  device  drag  and  obtaining 
net  reductions.  Mumford  and  Savill 
(1983)  state  that  "estimates  of  potenti¬ 
al  gains  are  such  that  one  is  beginning 
to  wonder  if  there  is  some  overall  prin¬ 
ciple  involved  which  prevents  this." 
This  was  just  temporary  discouragement. 
Certainly  more  attention  can  be  given  to 
the  reduction  of  device  draq  by  the  use 
of  proper  thin-airfoil  sections.  It 
might  be  helpful  to  mount  the  manipula¬ 
tors  directly  on  a  floating-element  drag 
gauge  in  order  to  determine  the  local 
combined  effect  of  device  draq  and 
immediate  downstream  wall  frictional 
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t  t*  f !' ;  c  lent  .  Finally,  there  may  be  spe¬ 
cial  applications  in  which  the  manipula¬ 
tors  will  really  come  into  their  own. 
F.vill  points  out  that  for  flows  with 
very  large  tree-stream  turbulence,  the 
buffer  etiect  of  the  wake  of  the  manipu¬ 
lator  could  possibly  prevent  the  normal 
» no  reuse  i  r.  friction  coefficient  Cf  due 
to  the  free  stream  turbulence.  This 
might  be  quite  important  in  internal 
flow  applications.  Further,  since  the 
l.FBF  operates  m  the  outer  portion  of 
►he  boundary  layer  it  appears  that  its 
effects  car,  supplement  those  of  riblets, 
whose  mechanism  clearly  depends  on  inner 
viscous  scales  (see  39-2:60-61 

;  1  o*  6  o  f  )  .  Thus,  the  two  devices,  opera¬ 
ted  together,  could  possibly’  produce  a 
net  drag  reduction  superior  to  each  one 
operated  individually.  Apparently  work 
in  this  direction  is  already  under  way. 
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Two  important  technical  meetings  on 
ship  hydrodynamics  were  held  in  Septem¬ 
ber  1984.  This  article  covers  highlights 
of  the  15th  Symposium  on  Naval  Hydrody¬ 
namics,  held  in  Hamburg,  West  Germany, 
and  the  17th  International  Towing 
Tank  Conference,  held  in  Goteborg, 
Sweden . 

Naval  Hydrodynamics  Symposium 

The  main  purpose  of  the  symposium 
was  to  provide  an  international  forum 
for  the  exchange  and  discussion  of  ad¬ 
vanced  research  results  in  the  field  of 
ship  hydrodynamics,  with  emphasis  on 
four  topics  of  current  interest:  (1) 
seakeeping  problems,  (2)  hull-propeller 
interactions,  (3)  nonlinear  free-surface 
problems,  and  (4)  frontier  problems  in 
hydrodynamics . 

The  symposium  was  sponsored  by  the 
US  Office  of  Naval  Research  (ONR)  ,  the 
US  National  Research  Council,  and  the 
Hamburg  Shipbuilding  Research  Institute 
(HSVA) . 

One  of  the  technical  highlights  of 
the  symposium  was  the  Weinblum  Memorial 
Lecture,  presented  by  Professor  Marshall 
Tulin  of  the  University  of  California  at 
Santa  Barbara.  Tulin  discussed  surface 
waves  from  the  point  of  view  of  rays. 
The  ray  theory,  which  made  a  significant 
contribution  in  the  physics  of  optics, 
can  be  applied  to  explain  the  complex 
wave  systems  generated  near  a  ship  bow. 
A  brief  review  of  the  state  of  the  art 
in  the  application  of  geometric  ray 
theory  to  ship  waves  was  given.  Tulin 
then  offered  suggestions  for  avenues  of 
further  development  of  the  ray  theory 
that  may  shed  light  on  nonlinear  ship- 
wave  reflections. 

In  the  sessions  on  seakeeping  prob¬ 
lems,  several  new  and  impressive  devel¬ 
opments  were  reported.  A  paper  by  Lin, 
Newman,  and  Yue  discussed  an  innovative 
numerical  scheme  which  can  correctly 
demonstrate  the  process  of  the  detach¬ 
ment  of  the  free  surface  from  a  vertical 
wave  maker  in  horizontal  oscillation. 
The  free-surface  breaking  as  the  conse¬ 
quence  of  the  flow  detachment  is  a  com¬ 
plex  nonlinear  phenomenon  which  never 
has  been  satisfactorily  modeled  by  the 
existing  theoretical /numerical  methods. 
The  investigation  is  being  supported  by 
the  ONR  Ship  Hydrodynamics  Special  Focus 
Program,  and  further  extension  of  the 
investigation  will  be  continued  under 
ONR  support. 

In  the  sessions  on  propeller-hull 
interactions,  one  of  the  highlights  was 
the  paper  given  by  Jessup,  Schott,  and 
Jeffers  (David  Taylor  Naval  Ship  Re¬ 
search  and  Development  Center  [DTNSRDC], 
US) .  The  paper  described  the  method  of 
measuring  the  local  propeller  blade 
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f 1  •  ws  by  usiiw  u  laser-Doppler-veloci- 
r>  ter  CTV)  technique.  It  is  not  easy  to 
w.'if.:.:'!'  *!.>'  t  low  velocities  by  an  LDV 

r!--v:  ft.  and  the  pressures  by  miniature 
n.ui'-s  op.  a  raj  icily  rotating  model-pro- 
; eller  blade.  The  authors  mainly  pre¬ 
sented  sample  results  obtained  from  a 
th.eo-bladed  standard  model  piropeller 
and  compared  some  of  the  results  with 
computed  results.  The  fact  that  such 
measurements  can  be  made  on  rotating 
propel ler  blades  impressed  the  audience 
a  great  deal. 

lull-scale  ship  wake  measurements 
in  front  of  rotating  propellers  by  an 
LDV  device  wore  reported  by  Kux  and 
baudan  of  HPVA.  The  measurements  made 
on  two  cargo  ships  —  the  ,'u  .'wrrrps 

and  the  owned  by  German 

shippina  companies --were  compared  to 
those  obtained  from  the  model  tests. 
Only  a  qualitative  ay  eemert  between  the 
two  results  was  obtained,  indicating  the 
need  for  further  extensive;  investiga¬ 
tions  to  resolve  the  complex  scaling  law 
between  the  model  and  the  full-scale 
ship  wakes.  In  the  discussion  of  this 
paper,  it  was  clear  that  many  full-scale 
ship  wake  measurements  have  been  under- 
‘  ,.i ken  by  the  British  Ship  Research  Asso¬ 
ciation  and  the  Canadian  Research  Coun¬ 
cil.  D1NSRDC  sent  an  observer  to  those 
full-scale  measurements.  Power-efficient 
.md  quiet  propulsors  are  much  desired 
:or  commercial  as  well  as  naval  ships. 
Without  knowing  the  actual  flow  field  in 
which  i  propeller  is  to  be  operated,  it 
is;  difficult  to  design  with  confidence  a 
propeller  which  meets  the  ever-narrowing 
margins  for  powering,  noise,  and  vibra¬ 
tion.  Thus,  major  maritime  nations 
probably  will  continue  vigorous  research 
on  predicting  full-scale  ship  wakes. 

In  the  session  on  nonlinear  free- 
surface  problems,  a  majority  of  the 
papers  wore  related  to  ship-bow  flows. 
Fry  and  Kim  (D7NSRDC)  presented  exten¬ 
sive  bow- flow  measurements  by  an  LDV 
device,  along  with  calculated  results 
based  on  the  linearized  free-surface 
boundary  conditions.  The  LDV  device 
used  was  capable  of  measuring  simulta¬ 
neous]"  all  three  vector  components  of 
flow  velocities  at  a  point  in  the  flow 
field.  It  was  the  first  result  ever 
presorted  showing  all  three  velocity 
components  of  the  bow  flow-field  of  ship 
models.  The  agreement  between  the  meas¬ 
ured  and  computed  results  was  irr.pres- 
:;i"e,  pat  t  icularly  for  the  cross-flow 
•clocities,  in  the  bow  region  up  to 
:!  ut  7  percent  of  the  model  length  aft 
of  the  bow.  The  streamwtse  velocities 
and  t- he  free  surface  elevations  on  the 
hull  were  not  in  such  good  agreement  as 
in  fhe  case  of  the  cross-flow  velocities 
fitter  4  percent  of  mode  1  length. 


Mori  (Hiroshima  University,  Japan) 
presented  an  interesting  paper  on  the 
neck  vortex  and  bow  wave  around  blunt 
bodies.  One  of  his  conclusions  was  that 
the  free-surface  curvature  ahead  of  a 
blunt  bow  has  a  significant  effect  or. 
the  breaking  waves.  By  introducing  a 
submerged  bow  bulb,  which  reduced  the 
surface  curvature,  he  experimentally 
demonstrated  that  the  breaking  of  waves 
can  be  significantly  reduced.  His  re¬ 
search  i si  a  good  example  of  a  successful 
combination  of  theoretical  and  experi¬ 
mental  investigations. 

Tuck  (University  of  Adelaide,  Aus¬ 
tralia)  and  Vanden-Broeck  (University  of 
Wisconsin)  presented  a  theoretical  paper 
on  searching  for  a  bow  shape  which  does 
not  create  waves  in  two-dimensional 
flow.  The  main  objective  of  the  paper 
was  to  demonstrate  numerically  that 
there  exists  a  bow  geometry  for  a  given 
two-dimensional  uniform  flow  which  does 
not  create  bow  waves.  The  bow  shape  they 
found  has  a  bulb-like  geometry  below  the 
free  surface. 

Takekuma  (Nagasaki  Experimental 
Tank,  Japan)  and  Eggers  (Institut  fur 
Schiffbau,  West  Germany)  investigated 
the  effect  of  bow  shape  on  bow-wave 
breaking.  Both  theoretical  and  experi¬ 
mental  investigations  led  them  to  con¬ 
clude  that  a  bow  form  with  fine  entrance 
angle  and  protruding  bulb  is  effective 
in  reducing  the  necklace  vortices  around 
the  bow. 

Dagan  and  Miloh  (Tel  Aviv  Universi¬ 
ty,  Israel)  presented  a  highly  mathemat¬ 
ical  paper  investigating  nonlinear  re¬ 
sistance  by  a  Zakharov-type  .integral 
equation.  This  paper  showed  a  potential 
theoretical  approach  in  tackling  the 
nonlinear  wave  resistance  of  a  ship. 

Ertekin,  Webster,  and  Wehausen 
(University  of  California  at  Berkeley) 
presented  a  paper  on  ship-generated 
solitons.  The  theoretical  results  ob¬ 
tained  by  using  the  Green  and  Naghdi 
tneory  on  directed  fluid  sheets  were 
compared  with  the  computed  results  of  Wu 
of  the  California  Institute  of  Technol¬ 
ogy  for  a  two-dimensional  pressure  patch 
moving  on  the  free  surface  of  a  rectan¬ 
gular  tank  of  very  shallow  water  depth. 

In  the  session  on  frontier  hydrody¬ 
namic  problems,  Isshiki  and  Murakami 
(Hitachi  Shipbuilding  Co.,  Japan)  and 
Terao  (Tokai  University,  Japan)  pre¬ 
sented  a  paper  on  an  innovative  concept 
of  the  so-called  "wave  devouring  propul¬ 
sion."  The  concept  is  based  on  the 
principle  of  fish  locomotion  and  bird 
flights  by  an  oscillating  lifting  sur¬ 
face.  The  researchers  have  shown  by 
towing  tank  experiments  that  a  floating 
body  with  submerged  hydrofoils  can  pro¬ 
pel  itself  in  the  opposite  direction  to 
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•  he  wave  propagation.  The  authors  sug¬ 
gest  that  such  a  device  may  be  applica¬ 
ble  to  floating  ocean  platforms  to 
counteract  the  wave-induced  drifting. 

Cher,  and  Patel  (University  of  Iowa) 
showed  their  new  approach  to  computing 
the  thick  boundary- 1  aver  flows  in  the 
reci  or.  of  a  ship's  stern.  They  used  a 
time-marching  solution  of  the  partially 
parabolic  version  of  the  Navier-Stokes 
equations.  The  body  grid  generation  and 
the  "finite-analytic"  numerical  scheme 
ir.  solving  the  partially  parabolic  equa¬ 
tions  were  elaborately  described  in  the 
paper.  It  appears  that  before  a  practi- 
•ui  numerical  integration  of  the  full 
Navier-Stokes  equations  is  available, 
such  .it.  approximate  approach  by  the 
partially  parabolic  method  may  be  an 
appropriate  means  to  satisfy  our  immedi- 
i!>-  reeds  for  understanding  the  flow 
behavior  near  ship  sterns. 

Tiao  symposium  revealed  that  sub¬ 
stantial  advances  are  being  made  inter- 
nuticnuliy  in  ship  hydrodynamics  re- 
; f arch.  New  numerical  schemes  for 
so!’--.r.g  the  nonlinear  free- surface /body 
interaction  are  :k-w  beginning  to  emerge. 
Tile  r.DV  device  is  providing  a  new  ap¬ 
proach  to  flow  7 ones  that  so  far  have 
:..<•<  r  ;n  t  ouch.ii' !  >  --such  as  the  ship  bow 
rej  i  or.  and  ♦  ho  none  between  the  propel- 
:*':  a  tic  the  hull.  The  nonintrusive  na¬ 
tal*'  f  the  d» i ce  makes  it  possible  to 
:•*■  isurv  tiie  i  low  velocities  in  these 
ten.  Such  ,i  device  with  further  im- 
:r  vTK'.t :»  ipp  1  led  to  the  measurements 
f  a  round  full-scale  ships  will 

;  *  ribic  r  significant!  y  to  the  under- 
taf.di.'a;  "if  the  law  of  dynamic  simili- 

•  rtf  between  a  model  and  its  mother 
.hip.  The  current  ship  hydrodynamics 
j  *  .  '.  arch  appears  to  be  placing  more 

•  ptia.-i.  or  *  he  local  !  low  phenomena 
’  t.a.u  r.  I  hi  .r  un  I  global  quantities  such 
a  ‘of  1 1  hydrodynamic  forces  acting  on  a 
•••  h  : :  .  '"h  :  trend  is  demonst  rated  by  the 

p  '  i  urt  p  i  r't  i  c  i  pants  '  keen  interest  in 

•  b"  tow  ,it  *'  stern  flows.  The  free- 
•  i  :  a>  *•  i  re  1 1  ;  r.n  by  a  shi;  bow  not  only 

.  t.  :•  a.  *■  •  be  drag  but  also  siqni  f  icant- 

i  •  f  *  ~t  s  *).*•  flow  around  the  entire 
by:  .  in:  i  a:.c<* ,  the  b  ubhles  qenera- 

•  •  1  tv  ;•**  -Mil  tui'"  breaking  can  flow 

tic  s » •  •  i  •  of  a  ship  and  could 
.  •  i  .  ■  •  ; ;  '  ut  .y  .  . "i  r  t  i  < :  n  of  p rope ller 

•  .  *  .  ;  t  inp*-ars  that,  in  3  to  10 

;  r  i  *  ■  r  rl*s  i  qne  r  will  have  bet- 

•  '  :  :>  T  :  fit  i'cr;*'  - .  propeller  inflow  so 

•  : .  i '  *  m  •!<•-■;  >ji.  full  y  wake-adapted 

r"’  "  i  -  n.ui  tdinnu)  its  leader- 

1  .:  .  r.  st.  ip  h.yd  rodynani.es  research; 

■  >•*••.•<•  r  ,  •  ;  ,id  i  *  j 'j;). i  j  !  y  strong  maritime 

■  •*  •  r  u  d.  as  Japan  and  the  north-urn 

:  f*  m  •  'i-ar-es  are  achieving  rapid 


progress  in  ship  hydrodynamics  research 
for  commercial  ships. 

Towing  Tank  Conference 

The  primary  objective  of  the  Inter¬ 
national  Towing  Tank  Conference  (ITTC) 
is  to  stimulate  progress  in  solving 
technical  problems  associated  with  tow¬ 
ing  tank  experiments  and  also  to  stimu¬ 
late  research  in  all  fields  in  which  a 
better  knowledge  of  the  hydrodynamics  of 
ships  and  marine  installations  is  need¬ 
ed.  To  help  fulfill  this  aim,  the  fol¬ 
lowing  actions  are  normally  taken:  (1) 
recommending  standard  procedures  for 
general  use  in  carrying  out  ship-  and 
marine-installation  model  experiments, 
(2)  formulating  collective  policy  on 
matters  of  common  interest,  and  (3)  pro¬ 
viding  an  effective  organization  for  the 
interchange  of  information  on  such 
matters . 

The  major  events  of  the  conference 
were  the  sessions  featuring  reports  from 
10  technical  committees:  Resistance, 
Propeller,  Cavitation,  Performance, 
High-Speed  Marine  Vehicle,  Maneuverabil¬ 
ity,  Seakeeping,  Ocean  Engineering, 
Information,  and  Performance  in  Ice- 
Covered  Waters.  The  reports  presented  by 
each  technical  committee  were  products 
of  3-year  investigations  of  the  subjects 
chosen  by  the  previous  conference,  held 
in  Leningrad  in  1981.  The  subjects  cov¬ 
ered  almost  all  ship  hydrodynamics  prob¬ 
lems  of  current  interest,  ranging  from 
traditional  problems  such  as  ship  re¬ 
sistance  to  pioneering  problems  such  as 
ice  modeling  in  towing  tanks.  (The 
details  of  the  committees'  reports  are 
given  in  the  proceedings  of  the  17th 
ITTC. ) 

One  interesting  problem  involves 
the  uncertainties  in  the  governing 
hydrodynamic  similitude  laws  between  a 
prototype  and  its  full-scale  ship.  Such 
problems  are  more  frequently  encountered 
in  modeling  the  viscous  resistance, 
cavitation,  and  propeller  inflow.  The 
scaling  problem  is  also  found  in  ice 
towinq  tanks.  In  the  past  few  years,  a 
number  of  ice  towing  tanks  have  been 
built  throughout  the  world,  reflecting 
the  need  to  learn  more  about  ship  per¬ 
formance  in  icy  waters.  However,  many 
scientific  questions — for  example,  about 
ice  modelinci  and  sea  1  ing--neud  to  be 
answered  before  any  standard  model  test¬ 
ing  techniques  can  be  established  inter¬ 
na  t  ional Ly . 

The  problem  of  ship  resistance  in 
shallow  water  drew  lively  discussions. 
The  phenomenon  of  generation  of  solitary 
waves  by  a  ship  in  a  canal  of 
shallow  water  depth  and  the  associated 
unsteady  resistance  seems  to  be  drawing 
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a  great  deal  of  scientific  interest 
internationally  among  the  ship-hydrody¬ 
namics  researchers.  New  measuring  tech¬ 
niques  in  cavitation  tunnels  were  re¬ 
ported.  Measurements  of  the  size  of 
microparticulates  in  water  tunnels  and 
cavity  thickness  by  LDV  (West  Germany, 
Japan)  and  light  scattering  (Japan) 
indicated  a  promising  advance  in  cavita¬ 
tion  research. 

The  conference  plays  an  important 
role--it  helps  piromote  international 
cooperation  in  investigating  the  techni¬ 
cal  problems  of  common  interest  in 
marine  hydrodynamics  and  in  reporting 
findings.  The  13th  ITTC  is  scheduled  to 
be  held  in  Japan  in  the  fall  of  1987. 


Physics 


LASERS  AND  LASER  ACCELERATORS  AT  RUTHER¬ 
FORD  APPLETON  LABORATORIES,  UK 

b;j  ’  7ul  r^ran.  ?*.  homar  is  the  'ini con 
;  for  ihuoios  in  Furcpe  2nd  the 
rant  for  'due  Office  of  '..aval  he- 
;  o  .  >  ' 1 '  r.dc  n  branch  1  '^ioe.  He  i  r  c  >; 
;ee  ionren  *  until  Oe  i  t  er.be  r  1  j  3  . 

Advanced  methods  for  generating 
r'ror.t.-line  laser  systems  and  ultra-high- 
energy  and  high-intensity  beams  of 
charged  particles  are  the  focus  of 
several  projects  of  the  Central  Laser 
Facilities  (CLF)  at  the  UK's  Rutherford 
Appleton  Laboratories  (RAL).  During  my 
visit  in  late  November,  1  talked  to 
people  both  inside  and  outside  the  laser 
group  who  are  developing  these  novel  and 
hopefully  revolutionary  methods. 

Background 

RAL,  near  Didcot ,  Oxfordshire,  is 
located  on  a  modern  site  adjacent  to  the 
historic  Harwell  atomic  energy  estab¬ 
lishment.,  employs  over  1300  permanent 
personnel,  and  has  an  annual  expenditure 
of  more  than  832  million  (about  $62 
million).  The  laboratory's  major  respon¬ 
sibility  is  to  act  as  a  large-scale  cen¬ 
tral  facility  in  service  of  nationwide 
university  research.  Many  scientists 
Iron  both  British  and  foreign  universi¬ 
ties  spend  extended  periods  of  time  car¬ 
rying  out  projects  that  requite  equip¬ 
ment  no*  available  to  single  academic 


institutions.  Many  projects,  as  well  as 
the  operation  of  RAL,  arc  directly  spon¬ 
sored  by  the  UK's  Science  and  Engineer¬ 
ing  Research  Council  (SERC). 

Laser  Development  and  Research 

The  SFPC-supported  CLF  was  estab¬ 
lished  in  1975.  The  main  themes  of  cur¬ 
rent  research  can  be  broadly  summarized 
as  follows: 

1.  Laser  development.  Improvement 
and  enhancement  of  an  ultra-high-power, 
versatile,  Nd/glass  laser  system 
(VULCAN).  Further  development  and  en¬ 
hancement  of  a  high  efficiency  fluoride 
gas  laser  (SPRITF) .  Expansion  and  main¬ 
tenance  of  an  ultraviolet  (UV)  radiation 
facility. 

2.  Plasma  physics.  Study  of  ultra- 
dense,  strongly  interacting  plasmas  of 
high  net  ion  charge.  Nonlinear  interac¬ 
tion  of  high-intensity  laser  beams  with 
matter,  parametric  instability,  relati¬ 
vistic  corrections.  Energy  transport  in 
plasmas,  heat  flow  studies,  photonic 
energy  transport.  Laser  generated  implo¬ 
sions,  dense  plasmas,  inertial  confine¬ 
ment  . 

3.  Short  wavelength  research.  Ap¬ 
plication  of  UV  lasers  in  plasma  phys¬ 
ics.  Multidisciplinary  work  with  repeti¬ 
tively  pulsed  and  frequency  tunable  (IV 
lasers  in  physics,  chemistry,  biology, 
and  materials  processing.  Application  of 
UV  lasers  to  lithography  and  related 
problems  in  nonlinear  integrated  optics. 
X-ray  laser  development  using  inversion 
in  laser-generated  plasmas  or  induced  by 
x-ray  pumping  from  another  laser-pumped 
plasma . 

The  following  discussion  is  re¬ 
stricted  to  recent  developments  and 
plans  in  connection  with  the  laser 
facilities,  since  most  of  the  particu¬ 
larly  interesting  research  with  laser 
beams  is  done  by  university  research 
groups  using  the  RAL  facilities;.  This 
research  will  be  reported  in  later 
articles  in  connection  with  specific 
visits  to  the  relevant  uni versi t ies . 

The  VULCAN  Nd/glass  laser  was  de¬ 
signed  primarily  to  be  a  very  versatile 
machine.  At  its  heart  are  two  synchron¬ 
ized  oscillators,  so  that  simultaneously 
a  "long"  pulse  (with,  duration  between 
0.1  and  25  ns)  and  a  synchronous  "short" 
second  pulse  (with  duration  that  can  In- 
varied  between  70  ps  and  1  ns)  can  be 
; reduced.  This  feature  makes  the  system 
unique.  The  two  pulse:  are  independently 
amplified  and  can  be  fed  in  any  configu- 
l  at;  ion  into  two  output  channels.  Ip 
one  prepared  tarqet  area  these  two  out¬ 
puts  appeal  as  a  six-beam,  symmetrically 
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placed  output  (for  uniform,  symmetric 
plasm  i  f  >:per inontation)  plus  one  sepa¬ 
rate  bean;,  whi  le  for  another  target  area 
there  are  *vc  single-beam  outputs  avail¬ 
able.  A  major  improvement  project  is 
current ly  being  implemented:  the  re¬ 

searchers  are  going  to  a  12-beam  system 
which  i s  hoped  to  be  fully  operational 
by  late  spring  this  year.  After  improve¬ 
ments  made  in  late  1983,  the  researchers 
now  use  two  chains  of  rod  amplifiers, 
each  containing  six  stages,  and  then 
® s ch  of  the  six  beams  (12  within  a  year) 
nr  through  separate  disk  amplifiers, 
bach  of  the  current  seven  output  beams 
Ins  a  similar  performance  with  up  to 
.  ' r  2  available  in  I-r.s  pulses  (or  50  J 
ii;  100  — ps  pulses).  Thus,  a  total  of 

I  . 5-kJ  maximal  energy  can  be  concentra¬ 
ted  ir.  the  present  multi-beam  system. 

.  i; sequent  1  y ,  power  levels  of  4  TK  have 
Leer  achieved,  which  makes  VtOLCAN  the 
most  powerful  laser  system  in  Europe. 
With  the  alterations  in  progress,  a 
total  energy  of  30  kJ  will  be  soon 
achieved  ir.  the  12  beams  so  that  only 
‘  he  Livermore  NOVA  (which  just  became 
v-perat.  i’-r.a  1 )  will  supersede  it.  The 
repot  it  ion  rate  is  1  in  30  minutes  in 
regular  operation.  The  fundamental 
w  i  Ye  length  is  1.05  um  (nominal).  But  the 
second  (0.53  am)  and  third  (0.35  um) 
harmonics  are  now  also  routinely  used, 
ur.d  the  fourth  (0.26  pm)  is  soon  likely 

I I  become  more  than  an  experimental 

achievement .  The  proper  operation  of 
'  h«-  1 .  5  3- urn-wave  length  setup  is  particu¬ 

larly  important  for  x-ray  laser  experi¬ 
ment  scheduled  for  next  year.  An¬ 
other  improvement,  row  in  progress,  is 
tbs-  installation  of  more  efficient 

focus  optics.  This,  is  also  impor- 
‘  ir for  *  he  planned  x-ray  laser  experi- 

cits. 

T*  may  be  interesting  to  compare 

•  h<‘  3  A  I,  ultra-high-power  laser  develop- 
rent  project  of  VULCAN  to  that  of  the 
ASTER  IX  project  at  the  Max  Planck  Insti- 

(CPI)  at  Garching  (■  V  39-4:165-169 
,  1985')  .  The  MPI--after  previous  work 
with  a  1  a  rep  Nd/glass  laser  system— felt 
t  h<i  t  while  energy  increase  is  possible, 
e  f  f  i  c  i  •  Ticy  would  soon  reach  a  limit. 
Therefore,  researchers  at  MPI  decided  to 
di  velop  a  new  :  do a  —  namely,  that  of  the 
iodine  atom  laser.  They  succeeded,  and 
their  *  xpectat ion.  ot  greatly  increased 

•  f  f  ic  i  envy  Wi.c  justified.  On  the  other 

hand,  PA!  followed  the  example  of  the 
1  ml  France ,  and  in  particular 

r<‘  i  i  e.a  v.-ry  much  on  the  glass  laser 

•  merit  a*  1. 1  vermore .  They  felt  that 

for  ‘  h>T- ,  i*  was  safer  to  follow  and 
ipprc.-e  existing  designs  than  to  develop 
i:  entirely  rew  laser.  The  availability 

international  expertise,  including 


Japanese  scientists,  made  their  approach 
both  prudent  and  successful. 

The  second  remarkable  laser  at  RAF 
is  the  verv-h igh-power  KrF  gas  UV  laser 
SPRITE.  It  is  pumped  by  an  electron  beam 
of  0.75-MeV  energy.  This  UV  laser  is  a 
pioneering  machine  in  a  worldwide  con¬ 
text  .  Currently  it  produces  250-J  pulses 
of  approximately  60-ns  duration.  This 
corresponds  to  about  4 -GW  average  power. 
The  wavelength  is  249  nm.  The  available 
power  supply  limits  presently  the  repe¬ 
tition  rate  to  1  per  5  minutes.  The  beam 
has  a  large,  25-cm  diameter  and,  by 
using  an  unstable  resonator  cavity,  HAL 
has  succeeded  in  producing  a  highly 
focused  beam  of  only  lOC-urad  diver¬ 
gence.  There  are  ambitious  plans  to  con¬ 
siderably  improve  the  system  in  the  neat 
future.  In  this  work,  SPRITF  will  be 
used  as  the  main  power  amplifier  in  a 
new  laser  system  currently  under  con¬ 
struction.  The  goal  is  to  produce  1  in¬ 
to  200-J  pulses  of  only  i-ns  length, 
corresponding  to  about  200-GW  power.  The 
output  will  be  divided  into  eight  beams, 
concentrating  their  energy  in  a  syrnret  - 
ric  arrangement  onto  a  targe*-.  The  feu* 
will  be  achieved  by  compress ing  the  pre¬ 
sently  available  power  by  a  combi  rat;  • 
of  angular  optical  multiplexing  and 
Raman  amplification  in  gaseous  met  bane . 
The  output  wavelength  will  be  i  ncre.,>  *  : 
a  bit  to  268  nm  since  this  is  t hi  :  .  :  • 
Stokes-kaman  wavelength  of  CH„.  : !.« 
are  long-range  plans  to  ui‘  ;  r  , ■  *  ,  : 
achieve  an  output  of  several  kiln;  ,.  A.  . 

The  current  interim  system  ha:-  • 
tested  successfully  and  applied 
ly,  for  example,  for  producing  vet  y  -  : 
ficiently  x-rays  in  laser  plasms. 

Dr.  R.  Evans,  a  senior  re:- in  i  : 
the  group  who  showed  me  around,  :<  d 

an  interesting  aside;  he  said  the  ;  ,> 
got  into  fluoride  laser  development 
because  the  US  Department  of  Kr.i'ta) 
stopped  anticipated  further  development 
in  this  area,  and  "somebodv  had  to  do 
it.  " 

Beat-Wave  laser  Accelerators 

It  is  now  almost  a  quarter  of  a 
century  since  the  first  proposal  was 
made  to  use  a  laser  for  accelerating 
charged  particles  to  extremely  high 
velocities.  Subsequently  a  laiqe  variety 
of  proposals  were  put  forward.  These  car, 
be  grouped  into  categories  like  near- 
field  accelerators,  far-field  accelera¬ 
tors,  inverse  Cherenkov  accelerators , 
and  beat-wave  accelerators.  Many  ro- 
searchers  —  including  Dr.  J.D.  Lawson  in 
the  Technology  Division  of  RAF  and  a 
noted  accelerator  scientist — believe 
that  the  best  and  perhaps  only 
chance  of  really  achieving  spectacular 
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i  r.g  fie' cis  is  o  I  luted  by  the 
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•  :  ■  ■  vi a  sn.a  i  1  1  :  t  t  i  or. 
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is  generated  by  the  ponderomo- 

ce  on  the  plasma  particles, 
tarn  is  prop'  rtjoiml  to  the 

•  f  the  averaged  square  of  the 
field  strength.  (The  Gradient 

ear  the  ben  t  ire, •  of  the  two  laser 
>ve r.-i  1  :  ,  we  have  i  second-order 

•  •{  ortiona  1  to  the  square  of  the 
‘-hi.  The  1  angrouir  waves  are 
;  '  •  :.e.,  r  near  the  limitina  arn- 

rre  i  »■(.  above)  ,  and  it  can 
••  v  •  h>  :•  nximum  value  of  the 
'  1 1  r  i  c  r  ield  is 


plasma,  what,  factors  determine  luminosi¬ 
ty,  arid  how  tr  arrange  ft*r  "staging .  " 
ot  he i  questions  raised  were;  What  can  it 
assured  about  t.he  laser  optics?  For  how 
long  a  pulse  can  the  channel  be  sustain¬ 
ed  with  resonant  plasma?  What  are  the 
power ,  pulse  length,  and  repetition  rate 
needed  to  sa*  i  :>  f y  basic  design  require¬ 
ments?  What  is  the  effect  of  multiple 
scat  tei  ire  and  pi  isma  noise  on  the  beam 
emittor  s  ?  And  so  forth.  So  iar  there 
hu'i  1  sen  no  satisfactory  answers .  Mean¬ 
while,  experiments  are  planned  in  the  US 
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to  t  ry  setting  up  and  detecting  a  beat 
wave .  There  was  also  a  lot  of  enthusiasm 
expressed  a*  a;  international  accelera¬ 
tor  conference  at  Frascati ,  Italy,  at 
the  •  r  d  'if  ’,qS<_  September . 

There  i  re  now  hopes  that  despite 
the  gloomy  tone  f  t.he  RAF  study  group's 
rst  repor'  ,  an  experiment  with  beat 
waves  will  sit;  c  he  set.  up.  ;  ti  the  UK.  Hut 
I  awsot.  warns:  If  the  accelerator  commu- 
r.it\  is  to  make  progress,  then  it  will 
he  necessary  that  accelerator  physicists 
acquire  some  understanding  of  plasma 
physics,  and  also  that  plasma  physicists 
find  out  what  is  it  that,  accelerator 
people  need  to  know  and  what  they  arc 
trying  to  do. 
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:  •  r  ..•*-»  r.  t  near  uni*  y  .  Thus, 
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While  optics  is  probably  one  of  the 
earliest  explored  subfields  of  physics, 
the  last  25  years  have  led  to  a  new 
golden  age.  The  advent  of  quantum  optics 
and  quantum  electronics  opened  up  new 
vistas  both  in  our  basic  understanding 
of  phenomena  arid  also  in  uncountable 
fields  of  applications .  Indeed,  lasers, 
for  example,  are  now  used  in  areas  as 
diverse  as  military  and  weapons  applica¬ 
tions,  communication,  metrology,  sur¬ 
gery,  manufacturing  technology,  spectro¬ 
scopy  .  and  entertainment.  Those  appli- 
<v* »  :  <  :-.s  depend  crucially  on  continuing 
front-line  research.  Nonlinear  optical 
ptien-mena  come  more  and  more  into  focus 
as  the  me  ms  r n  make  lasers  "deliver" 
newer  tasks.  Problems  like  shortening 
1  <;»»•»  pu  1  sos  to  ;  ()“  1  second  durations 
or  developing  highly  tunable  lasers  with 
sufficient  energy  output  and  efficiency 
foi  use  i  n  optical  communication  (based 
t  it  her  cr,  semiconductors  or  color-cen- 
t  e  r -cor.  t  <i  i  r:  i  nq  crystals)  are  frontier 
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•  :  ,  rs;  ’  :  y  mu  I  t  i- 

,  ....  v ■  1 1  an  tv  r:  uto r 

•  r  •  ,  :  ,i :  -  i.eu  la  r  i  y  -  hi > 

y  .  1  v t  •'  .;*  .[  •  ration.  The 

he;  !  w.j  focal 
.  ;  i  :  :  |i:V)  arc 

■  •  •  !  : a  as,  pu  i  st; 

:  ;r  co r  ;  uga  t  ion 

■  •  her  i  .  *  b.e  jenor.a  *  i  '  r. 

r  • :  ul  *  r  u ho  r  t  pulses, 
;  -  ;  zgu  tier,  s  it  el  i  os  z  n 
v.atl.  ir.  ..eye  ret  only  or. 
i*  i  or.  best  also  possibly 
t  i  .  Some  r"  .vzties  of 
1  grout.  are  surveyed 


..K  may  re  r> >  t  Ik: r  posit  z  vc  c-r  neqa*  vo. 
This  .  •  •  ■  was  realised  by  liu  t  ch  i  nson 

for  VTV  t;  •.  :,ri  i ;  <  r:  bv  d  i  f  ferer.ee  Ire- 

diagram  is.  i  1  Just  ra  f  >-d  in  f'igur- 

The  sus'-r-pi  ibz  lit  y  for  four-wave  nix  ire 
was  enhanced  by  tuning  to  the  rf  -  S  -  *  p 
[Oh;  two-photon  transit  ice  with. 

249 .  f>  ni*!.  Cent  ir.uouslv  tunable  r.ci :  a  t  i  or. 
was  obtained  by  mixing  with,  t  ur,;l  l 
r&ciiat  ior.  fr  or.  a  second  dye  laser. 

The  complete  experimental  arnr.ee- 
mer.t  is  sketched  in  Figure  2.  A  com- 
n.ercial  d  i  scha  rge -pumped  XeCl  excimer 
(X  =  303  nm)  was  used  to  pump;  two 

narrow-h-ar.dwidth  dye  laser  oscillators, 
each  having  a  chain  of  amplifiers.  One 
dye  oscillator  (with  Coumarir.  30  7)  was 
tuned  to  4n5  rir,  and  the  other  (with 
Rhodamir.e  101)  was  tunable  between  610 
and  630  nm.  The  oscillators  used  a 
grazing  incidence  grating  for  both  dis- 
p.-trinn  and  beats  expansion  (but  the 
second  laser  also  included  a  four-prism 
beam  expander ) .  The  remaining  90  percent 
of  the  XeCl  pump  beam  was  used  to  pump 
two  amplifier.-;  ir.  .-nch  arm  of  the  dye 
laser  system.  Tie  amplifications  were 
*80  and  *8,  giving  outputs  of  2.5  m J  and 
1.5  mJ,  respectively.  The  pulse  duration 
was  if  r.s.  Next  ,  the  499-nm  beam  was 
recused  into  a  potassium  pentaborate 
t rvguency- doubl i ng  crystal.  The  second 
harmonic  (general cd  with  an  efficiency 
of  about  !  percent)  was  recol 1 imated  and 
passed  through  a  KrF  excimer  amplifier, 
giving  a  single  pass  gain  of  about  *100. 
(Proper  synchronization  between  the 
jumping  XeCl  laser  and  the  KrF  amplifier 
was  achieved  using  cleverly  arranged 
thyrat.ron  switches.)  With  the  use  of  a 
dielectric  coated  mirror,  the  amplified 
r4  9.6-nn:  beam  and  the  6J0-nm  beam  were 
combined  and  collimated.  The  combined 
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production  capabilities  hove  devel¬ 
oped  iron',  a  sound  national  research 
pi  a;rani  focused  on  defense,  scientific, 
economic  and  societal  technology  re¬ 
in  : r events . 


Space  Sciences 


ESA  ’  J  F’.TbRf; _ PROGRAM  IN  EARTH  OBSKRVA- 

.  :  "ns 

•  •  ■  *  ‘  f:r  .'pice  rhusics  in 

<  :  ■  :>  :  :  '■!  •  : .’  *  fast  for  the. 

f  f  :  •  f  ’."ndon  Branch 

>:  it.i  jk’-.ck  t  until  June 

7  Fl'ghi  '"enter", 

,  ■'.  >  !■■  f,  !  rbot-ate  rij  for 


The  European  Space  Agency  (ESA)  has 
;  ojnplt.  ted  a  study  and  published  a 
r  ;rt  entitled  '  ••  k:ng  Bovn,  Booking 
which  presents  a  perspective  on 
:  *•  s  future  scientific  and  application 
:  r  r.it  ,ii".  m  Earth  observations.  This  is 
o:  opt  ior.  i  program,  within  ESA,  as  dis- 
<  t  n©  t  he  mandatory  scientific  pro- 
;  r .  i  r  ,  whose  future  was  discussed  in 
19-4:  1  t . 0 -  1 v  3  (1  98  5  ).  The  term  optional 

ins  that  member  states  can  decide 
:  r.dj  vidua  1  ly  whether  or  not  to  partici- 

:  itc. 

,(i  i  ;rou nd 

During  the  past  25  years,  a  new 
i  I obu l  perspective  of  nan’s  environment 
1  developed.  As  a  result,  a  better 
.der<:t  ar.ding  has  emerged  of  the  complex 
m-eract  ions  which  occur  between  the 
i  ► mo  sphere ,  oceans,  ice  regions,  and 
1  ini  surfaces.  Already  observations 
'!  p<  l  .ir  orbi  t  mg  and  geostationary 
-  (*•■;  1  lies  such  as  ESA’s  METEOSAT  are 
■■  •"!  r  out  i  ne  1  y  within  Europe  in  develop- 
;  r'.g  r  i ‘  i on.i  1  meteorological  forecasts 
which  are  useful  for  up  to  5  or  6  days. 
R*tk  *  *.•  sens  inn  techniques  have  been  de- 
v*'  loped  to  observe  the  sea  state  and 
will  be  u.  f(l  on  ESA's  first  remote  sen¬ 
sing  satellite,  F.RS  1,  to  be  launched  in 
1989.  Its  data  will  be  exploited  for 
shipping,  commerce,  the  offshore  indus¬ 
try,  and  other  applications.  In  addi¬ 
tion,  remote  sensing  of  land  over  a 
broad  electromagnetic-frequency  spectrum 
is  now  used  in  many  fields  such  as  agri¬ 


culture,  forestry,  geology,  hvdrology , 
land  utilization,  topography,  and  alaci- 
o 1 ogy .  Studies  on  a  global  scale  of  the 
structure  and  composition  of  the  middle 
atmosphere  have  improved  our  under:; land¬ 
ing  of  the  interplay  between  solar  radi¬ 
ation,  in-situ  chemis -r\  and  dynamics, 
and,  as  a  result,  nave  enhanced  tin- 
assessment  of  their  influence  on  the 
critical  ozone  layer.  Finally,  precise 
and  accurate  tracking  of  satellite  tra¬ 
jectories  has  improved  our  knowledge  of 
the  shape  of  the  Earth,  its  gravitation¬ 
al  field,  and  the  relative  motion  of  its 
land  masses. 

In  all  these  areas,  the  potential 
for  future  development  and  exploitation 
of  remote  sensing  observations  from 
space  is  immense.  The  principal  consid¬ 
erations  which  have  gone  into  the  ESA 
program  for  Earth  observations  are  as 
follows:  a  strong  scientific  and  indus¬ 
trial  base  exists  in  Europe  in  the  high- 
tech  and  communication  areas  of  optical, 
infrared,  and  microwave  technology  such 
as  radar  and  lidar;  a  continuing  need 
exists  for  future  flight  opportunities 
to  test  new  instruments  for  remote  sen¬ 
sing  which  may  be  developed  by  universi¬ 
ties  or  research  institutes  ( through 
funding  by  national  sources) ;  the  pro¬ 
gram  must  be  closely  coordinated  with 
existing  and  planned  international  acti¬ 
vities  in  Earth  observations;  and  a 
demonstrable  requirement  exists  for 
routine  monitoring  on  a  global  basis  in 
order  to  study  temporal  variations  of 
critical  parameters. 

As  was  done  in  the  Horizon  2000 
program  document  39-4:169-1  73 
[1985]),  the  ESA  Earth-observation  pro¬ 
gram  is  based  on  four  cornerstone  mis¬ 
sion  areas:  (1)  enhanced  European  par¬ 
ticipation  in  satellites  for  meteorolog¬ 
ical  research,  and  in  particular  devel¬ 
opment  of  a  second  generation  METEOSAT 
to  be  placed  in  geostationary  orbit;  (2) 
the  establishment  of  a  balanced  program 
of  research,  envelopment ,  and  operations 
in  ocean /ice  observations  following  the 
first  European  Remote  Sensing  satellite 
mission,  ERS  1;  (3)  a  major  mission  for 
all-weather  monitoring  and  optical  ob¬ 
servation  of  the  land  surfaces;  and  (4) 
a  major  mission  which  can  exploit  pre¬ 
cise  measurement  techniques  for  solid- 
Earth  geophysics. 

It  is  also  hoped  to  be  able  to  con¬ 
duct  several  flights  oi  the  retrievable 
EURECA  platform,  providing  in-orbit 
testing  of  advanced  instrumentation  and 
launch  opportunities  for  other  areas 
such  as  middle  atmosphere  research,  in 
which  a  dedicated  ESA  mission  has  not 
yet  been  developed.  ESA  considers  it  im¬ 
perative  that  European  mission  plans  be 
coordinated  with  other  countries,  such 
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industry  which  also  manufactures  the  in  the  university  academic  structure, 


materiel ,  except  for  a  small  portion 
which.  may  be  procured  from  foreign 
sources.  The  FMV ' s  research  needs  are 
largely  met  by  the  National  Defence 
Posen  rob  Institute,  but  FMV's  role 
Throughout  the  research  and  development 
eye  If-  j  s  to  exercise  qualified  program 
man  Moment  and  direction.  Of  the  total 
Swedish  military  defense  expenditure  for 
t  ho  Ih  1-84  fiscal  year  of  over 
Tr  s1  billion,  research  and  development 
■  amounted  t<>  nearly  SKr2  billion  or 

•  1  i.jht  !y  less  than  1  ij  percent  of  the 

•  t  a  1  dele;. sc-  budaet .  More  than  90  per- 

of  this  RsD  expenditure  goes  to 
industry,  mainly  in  the  form  of  develop- 
:•••  :it  orders  for  special  projects  or 
:  men  .  In  this  way  the  Swedish 
fosse  authorities  contribute  to 
main'  lining  Sweden  1  s  high  technological 
.-*•  c.  liras.  The  SKrl  ,  921  million  R4.D 

•  -1,1  :•  u  >■-  in  fiscal  year  1983-84  is 
,  :  -o  ’;  I 'Wr.  as  shewn: 

Millions 
of  SKr 


mv  .  2  50 

* ■’  l ■  ”y  .  94 

A.r  r-,rm  .  1,251 

: ;  *  Authority  .  326 


’  T,  :  .  1,921 

:n-  in •.!•••/  emphasis  on  air  force  P&D 
.re  is  based  on  the  full-scale 
••  r  i  r.g  o’es  ign  and  development  ef- 
:on  ini  in  1  984  on  the  JAS-39 
■  :  ;  ;  -  role  combat  aircraft.  Five 

-  •  are  under  construction  at 

.  -  ■!.•:.  i  in  l  i  nkdping  and  will  first 

o  '.  Without  seriously  impact- 
'A;-'  -  ?9  development  effort,  how- 
•  ;  ,  'he  bW'  dish  government  plans  to 
. ;  ■'  ; *  deiense  spending  in  the  area 

‘  ‘  ■  •  marine  warfare  (ASW)  based  on 

•  ;  *  intrusions  into  its  territorial 
w  :  i  "ur.idert  l!  led"  submarines  and 

r  •.•••!;  j  c-Jes .  In  his  program 
’  :  ;•  it.  defense  for  1985-1990,  the 

'■■■<■  !  :  :  ■>  'up r e n e  Commander  General 

•  •  •  i  r  *  bus  asked  the  Swedish  gov- 

•  •  •  n  additional  SKr900  million 

■  ;:>  :  .:  ‘use  of  underwater  alarms, 

■  :  •  -e  ye,  light  ASW  aircraft  and 

: ::  i  prop ■  .-■<■?}  the  procurement 
.  '  i.  •  ivi-tti’s.  General  Ljung 

. .  '  '  >  A.'W  defense  measures  to  be 

1  •  •  •  :  !  :  d  i  r.  ’i  r  t  1  y  uige-nt"  and  plans  to 

•  ;  i  •  >  ■  .  K  r  !  1 r  m  i  !  !  i on  from  the  a rmy 

‘  ‘  b:  u  o;  the  navy,  plus  a  sim- 

.  i  r  fir  *  he  air  force  budget,  in 

;  ■’>  ■’  •  ty  let  the  upgrade  of  the  ASW 

•  1  •  r  •■fsnsy  Fesearch  Activities 

-ril  -ithrr  centers  of  excellence 
is  r-  •  *rch  are  located  in  Sweden.  Vfith- 


the  Royal  Institute  of  Technology  in 
Stockholm  is  preeminent  in  the  engineer¬ 
ing  and  physical  sciences  for  defense- 
related  research.  The  University  of 
Gbteborg  and  the  University  of  Fund  are 
involved  in  high  quality  research  in  the 
human  sciences  and  pyschology  for  de¬ 
fense-related  efforts  in  complex  know¬ 
ledge  organization  and  training  and 
testing  analysis.  The  Uppsala  Universi¬ 
ty  is  strong  in  mathematics  and  computer 
science,  as  is  the  University  of  Linkbp- 
ing,  where  research  in  artificial  intel¬ 
ligence  as  well  as  very  high  speed  par¬ 
allel  processing  has  resulted  in  the 
development  of  high  speed,  high  through¬ 
put  computer  processing  hardware.  In 
the  areas  of  aerospace  research,  the 
Aeronautical  Research  Institute  (FFA)  in 
Bromma  is  the  primary  government  aero¬ 
nautical  research  organization.  Addi¬ 
tionally,  the  Chalmers  Institute  of 
Technology  in  Gbteborg  is  strong  in 
fluid  mechanics. 

Conclusion 

If  there  is  still  question  or  doubt 
concerning  Sweden's  research  and  tech¬ 
nology  capabilities  in  the  are..-  si 
defense  and  scientific  endeavor,  consi¬ 
der  the  high  quality,  high  technology 
manufacturing  output  from  this  relative¬ 
ly  small  country  of  less  than  !r'  million 
people.  Saab  and  Volvo  both  manufacture 
high  quality  vehicles  in  large  anti- 
ties  that  are  exported  all  c  a  i  i  he 
world.  Ericsson  and  Philips  ,u  «•  ia-th 
highly  regarded  communi  cat  i  er;s  and 
electronics  firms  in  the  world  market  - 
place.  Bofors  is  well  known  for  preci¬ 
sion  optics,  elect  ro-ept i cs  and  ■  r  t  ronir 
systems  as  well  as  ft  r  f  ;  r  e  '  r.  t  i  >  '  , 
gun,  and  other  weapons  ;  ys*<  r  s  .h-ve’.  ;  - 
merit  and  manufacture.  f-'a  d  -  f  -  ;  ;. 

among  the  leading  For  •••:  •  •  m  a*  :•  .  ; 
companies  capable  •  i  - 

ing,  and  nar.ufaef;:  .  n  ;  ■  r  -  a 

we  11  as  hi qh  pe r  f 

fighter  aircraft  .  V.  •  ■ 

signi f leant  ox pet t  ; .  , 

materials  and  design  •. 
plete  mar.ufactut  in  :  •  ’ 

duct*  major  pert  if. ns  f  '  :  •  •  •  • 

for  the  JAS-  3"  in  i  LA  -  •  T  • 

Volvo  Flyqmofor  Sj ac.  ;  .  \  ■ 

signing  and  dove  1  <  i  •  •  : 

combustion  chambers  :m  •  !,•  : 

rocket  engine  for  'he  Fat  ;  .  c  i  ' 
Agency.  Sweden  is  arm  r  '  ♦ ho  w  r .  •  . • 
ers  in  ferrous  metal. may  i  r.d  ;  ai  ■  .  .- 

t  ion  of  high  quality  steel  alloys.  n>  % 
are  also  highly  regaideti  i:  :  ‘err 

alloys  and  welding  techniques.  AS FA  has 
become  the  European  leader  in  list, 
and  automated  manufacturing  pr  ■  c.  sees. 
Many  of  these  high  quality  marui  f  act  v.r  :  r.q 
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si’ientific  disciplines  of  mathematics, 
chemistry,  and  physics  and  pursue  re¬ 
search  in  the  areas  of  explosives  and 
fuels,  projectiles  and  rockets,  weapons 
crunchers  and  platforms,  propulsion  and 
•a : dance ,  weapons  effects  to  materieis, 
at-.d  matei  i  «• !  s  vulnerability  and  surviv- 
d  i 1 ity,  including  protection  by  armor , 
:■ ■■  men  f  1  age ,  smoke,  and  obscurants.  This 
:  •  r  . imeu  t  is  the  largest  in  FOA, 
etc  loving  over  4  0  0  persons  in  and  around 

•  he  Stockholm  area.  The  department  has 

1 1  iona  1  responsibility  associated 
a;  tii  international  development  in  nucle- 
• r  weapons  technology  and  thus  gathers 
basic  knowledge  for  desian  and  evalua¬ 
tion  of  various  nuclear  weapons  protec- 
v  i v(>  measures .  The  department  also 
operates  a  seismo logical  array  station 
v. ;  t h in  the  country. 

The  Applied  Electronics  Department, 
Fo-A-3,  employs  somewhat  less  than  400 
personnel  working  in  the  areas  of  elec¬ 
tronic  and  optical  methods  for  collect¬ 
ing,  processing,  and  interpreting  infor¬ 
mation  obtained  by  electromagnetic  and 
acoustic  wave  propagation  and  detection. 
Military  applications  include  communica¬ 
tion,  reconnaissance,  guidance,  and 
navigation  systems  as  well  as  the  coun¬ 
termeasures  against  such  systems.  The 
department  is  also  involved  in  the  study 
of  effects  and  protection  against  the 
ivc t romagne t i c  pulse  (EMP)  generated  by 
nuclear  explosions  and  the  study  of  the 
effects  of  radiation  on  electronic  com- 
ponen.t  s  and  systems.  The  department  has 
. everal  divisions,  including  information 
process  i  r.g ,  optronics,  communications, 
components  and  circuits,  radar  and 
net  ion  information,  guidance  and  sen¬ 
sors,  rfoci  y.-.  and  countermeasures,  hydro- 
acoustics  ,  EMP  protection  and  electro¬ 
magnetic  wave  propagation. 

The  A PC  Research  Department,  FOA- 4 , 
is  mainly  located  in  Umea ,  which  is 
ibout  7  5  0 -km  north  of  Stockholm.  The 
d«g  a  rtmon*-  is  involved  in  analysis  of 
a t oir i c ,  biological  ,  and  chemical  warfare 
agent  s  and  their  effects  upon  the  human 
indy.  The  effects  of  conventional  wea¬ 
pons  are  also  studied.  This  research 
effort  involves  personnel  in  the  scien- 

•  . 1 ic  disciplines  of  organic  chemistry, 
biochemistry,  toxicology  and  pharmacol- 

;y,  microbiology,  radiobiology  and 
r  id : '  ’ecology ,  as  well  as  applied  phys- 
;es.  studies  in  these  fields  result  in 
bairn  Knowledge  which  may  be  applied  in 
•)e  df.  ve  1  opmen  f  of  antidotes  and  of 

i  r  merit  for  detection,  protection,  and 
d  ■  ■  <urination.  Knowledge  gained  by 

•  .in  "  t  ud  i  fis  ,  and  by  constant  survei  1- 

.  ar.ee  :  :  nternat  ior.al  trends,  is  also 

i.m'l  t ' a  * echnical  assistance  to  Swe¬ 
de;.  •  ••  de  1  ega  t  l  r  r.  at  arms  limitation 

• .  •  e  r  •  •  u ;  •  .  . 


FOA-5  is  the  Human  Studies  Depart¬ 
ment,  which  has  two  of  its  divisions 
located  in  Karlstad,  some  300-km  west  of 
Stockholm.  It  is  planned  by  the  mid- 
1980s  that  the  remainder  of  the  insti¬ 
tute,  which  is  now  in  Stockholm,  will  be 
relocated  to  Botkyrka,  a  Stockholm  sat¬ 
ellite  community  20  km  to  the  south¬ 
west.  This  department  is  involved  in 
research  on  the  human  condition  in  war 
and  on  the  mar.-machine  interface.  The 
personnel  are  mainly  involved  in  medical 
and  behavioral  scientific  research.  The 
department  is  divided  into  units  for 
army  medicine,  naval  medicine,  aviation 
medicine,  behavioral  sciences,  biotech¬ 
nology,  and  environmental  technology . 
The  ultimate  aim  of  the  research  is  to 
improve  the  conditions  and  functions  o* 
the  human  in  the  defense  environment. 

The  Defence-  Materiel  Adri iinstrut  in n 

FMV  also  is  directly  subject  *  .  •  In¬ 
direction  and  guidance  of  the  fwedi  sh 
government  through  the  MOD,  as  shown  t  r. 
Figure  1;  but  in  its  daily  routine,  FMV 
follows  directives  and  guidelines  ;  ss-.ed 
by  the  Supreme  Commander  o:  •  he  Arri-i 
Forces,  his  Defence  Staff,  and  t  hr-  ~>-r- 
mander s-in-chie f  of  the  three  mil .  •  .  i ;  y 
services.  FMV's  mission  is  to  p  r-  v  .  :< 
the  national  defense  with  t  h<  v.-e  ipi.nt  ■, 
and  other  defense  supplies  nccessuiy  4  i 
effective  res  stance  against:  ary  we  1  !  - 
equipped  and  well-trained  enemy,  and  4 
see  that  this  materiel  is  prop.  :  . 
maintained  and  stored.  The  total  v  i  ; 
of  defense  materiel  for  which  FM\ 
responsible  exceeds  SKrlOO  bill  ion ,  i.v: 
this  equipment  consists  of  more  than 
million  different  types  of  article.  . 

FMV  is  divided  into  six  bo;  a  rt  r  <  —  t 
that  employ  over  3000  people,  ss-ro  f 
whom  are  military  personnel.  FMV  ■■  s 
governed  by  a  management  board,  arid  t  fa- 
director  eeneral  of  FMV  is  Mr.  Car  1 -t <3 of 
Ternryd,  who  is  chairman  of  the  manage- 
ment  board.  The  Central  Management  De¬ 
partment  is  charged  with  the  overall 


direction  of  FMV's  activities.  Of  the 
remaining  five  department  s,  three  ate 
mainly  responsible  fi-r  systems  planning, 
materiel  development,  and  na i nt era  nee 
tasks  related  to  their  respect ive  e-iv- 
ice  branches  —  the  Army,  Navy  <.t;t:  Air 
Materiel  Departments.  Each  is  hoad.-d  by 
a  major  genera!  or  roa  t  ,idn.  i  ru  1  .  Th.t 
other  two  depart  ru.  nts  are  tin  Conner  c  i  a  1 
Activities  Department,  responsible  f-  i 
commercial  and  legal  matters,  and  the 


Joint  Support  Act  lvit  it's  Department, 
which  is  located  in  Karls*- ad  and  rigg  .  .ri¬ 
sible  for  supply,  workshop,  and  su;  ; <  t  *■ 
services . 

Defense  materiel  de\  e  icq  men*  , 

together  with  requisite  research  wo;4.-, 
is  primarily  carried  out  by  vu.-d  -  1 


Figure  1.  Overall  defense  organization  in  Sweden. 


of  the  departments  have  support  units 
located  outside  Stockholm,  and  the 
entire  FOA-J  Applied  Electronics  Depart¬ 
ment  is  located  in  Linkoping,  some 
2.00-km  south  of  Stockholm. 

The  Central  Planning  and  Admini- 
t  ration  ['nit  assists  the  Managing  Board 
and  Director  General  of  FOA,  Dr.  Lars- 
Fr i k  Tummelin,  who  had  previously  been  a 
o  rch  director  within  the  organ  iza- 

*  !•  This  Central  Planning  Staff  Unit 

;  ;  !'<•:  p<  nsiblf  for  research  planning, 

‘  !  ■  m  'i  i  !  ir  d  personnel  planning,  and 
iop  in  i  sf  rat.  i  on.  It  also  provides  cer- 

•  iir  . ervice  functions  to  the  various 

i  r  ch  dep  j  r  front s  ,  such  as  general 
■  out  i  rig ,  legal  assistance,  internal 
e!o  ■  i  *  and  train;  no,  and  security. 

!'  A- 1  is  the  Systems  Analysis 
•  ■  tr*  ,  eir  pLoying  some  121  person- 
r  >•  ;  ,  v;  ;i.-i  1 1:  tasks  are  to  conduct 


independent  studies,  provide  systems 
analysis  on  various  research  projects, 
and  plan  research  activities.  The 
actual  projects  range  from  studies  on 
weapons  systems  to  security  policy  and 
general  development  outlines  for  defense 
policy.  The  department  is  also  respon¬ 
sible  for  the  operations  research  and 
systems  analysis  organizations  for  the 
total  defense  effort  and  for  recruiting 
and  training  its  personnel.  This  depart¬ 
ment  has  a  war-gaming  laboratory  and 
works  closely  with  other  operations  re¬ 
search/systems  analysis  personnel  at 
other  national  institutes  and  universi¬ 
ties. 

The  Weapons  Technology  Department, 
FOA-2,  conducts  research  on  weapons  and 
weapons  systems,  weapons  effects  and 
the  protection  against  such  effects. 
The  research  scientists  cut  across  the 
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through  the  Skagerrak  and  Kattegat,  Swe¬ 
den  is  located  in  a  strategically  ex¬ 
posed  position  between  the  Soviet  north¬ 
ern  front  and  the  NATO  alliance  nations 
on  the  northern  flank  of  western  Europe. 
In  this  geopolitical  situation,  Sweden 
maintains  a  strictly  neutral,  nonaligned 
posture  in  foreign  policy,  supported  by 
a  strong  majority  of  the  political  par¬ 
ties  and  the  people.  Because  of  her 
avowed  neutrality,  Sweden  cannot  rely 
upon  assistance  from  other  countries  for 
defense.  The  country  must  be  prepared 
to  defend  against  various  types  of  ag¬ 
gression,  which  calls  for  a  total  de¬ 
fense  system  comprising  the  armed  for¬ 
ces,  civil  defense,  psychological  de¬ 
fense,  and  economic  defense.  The  total 
defense  force  must  be  strong  enough  to 
deter  any  potential  aggressor  and, 
should  Sweden  be  attacked,  to  withstand 
the  first  onslaught,  even  if  it  is  a 
surprise  attack. 

As  a  result  of  this  al 1 iance- f ree 
policy,  Sweden  must  primarily  rely  on 
her  own  resources  for  the  development  of 
the  various  parts  of  this  defense 
structure.  Fortunately,  Sweden  is  the 
leading  industrial,  economic,  scienti- 
iic,  and  military  power  in  Scandinavia. 
This  accounts  for  the  expenditure  of 
about  20  billion  Swedish  kronor  (SKr)  , 
about  $2.2  billion,  for  defense,  or 
about  7  percent  of  the  total  government 
budget  in  the  1983-84  fiscal  year.  This 
amount  must  be  viewed  against  the  back¬ 
ground  of  the  country's  chosen  foreign 
policy.  Because  Sweden's  nonaligned 
posture  precludes  reliance  on  defense- 
system  procurements  from  foreign  na¬ 
tions,  the  government  must  fund  and 
carry  out  extensive  R&D  efforts  for 
defense  within  the  country.  Because  of 
this,  a  sizable  portion  of  the  Swedish 
defense  budget  must  be  allocated  to 
research,  development,  and  procurement 
i  defense  materiel  and  weapons  systems. 
The  costs  for  such  materiel  run  high  due 
to  the  relatively  small  quantities 
procured  or  manufactured.  Defense 
materiel  accounts  for  about  one-half  of 
the  total  budget  of  the  armed  forces, 
and  of  this  amount  about  90  percent  is 
spent  on  domestic  production.  The 
uncertainty  and  diversity  of  conditions 
under  which  Sweden’s  defense  forces 
may  be  engaged  necessitates  planning 
for  research  anil  technological  develop- 
n  ids  with  both  short-term  and  long¬ 
term  objectives.  A  short-term  objective 
is  development  of  new  defense 

mu*  '‘riels  and  materiel  processes.  A 
long-term  objective  is  forecasting  the 
I i -.gross  m  technological  fields  that 
cay  become  significant  for  military 

i  P  p 1  i  c ,  i  ‘  ions. 


Swedish  Defense  Organization 

To  conduct  this  required  planning 
and  development  strategy  for  procurement 
of  military  defense  systems,  the  Swedish 
government,  through  the  Ministry  of  De¬ 
fence  (MOD) ,  relies  on  the  Supreme  Com¬ 
mander  of  the  Armed  Forces  and  his  De¬ 
fence  Staff,  the  National  Defence  Re¬ 
search  Institute  (FOA)  ,  and  the  Defence 
Materiel  Administration  (FMV)  to  meet 
the  country's  defense  requirements.  This 
overall  government  organization  is  shown 
in  Figure  1,  which  illustrates  the 
interrelationships  of  the  various  agen¬ 
cies  and  major  institutions  involved  in 
planning  and  executing  Swedish  defense 
policy.  The  Riksdag,  as  the  supreme 
legislative  body  in  Sweden,  appropriates 
money  for  public  expenditure,  and  thus 
exercises  some  control  over  development 
of  national  defense  policy.  FOA,  like 
other  defense  organizations,  reports 
directly  to  the  MOD;  however,  the 
Supreme  Commander  has  the  right  and 
responsibility  on  behalf  of  the  total 
defense  effort  to  assign  priorities  to 
the  various  research  areas  and  studies 
being  conducted  by  FOA.  FOA  is  respon¬ 
sible  for  Swedish  defense  research,  and 
the  scope  of  the  institute  is  according¬ 
ly  very  wide,  covering  disciplines  such 
as  chemistry,  physics,  medicine,  mathe¬ 
matics,  information  technology,  psycho¬ 
logy,  and  social  sciences.  The  primary 
purpose  of  FOA's  work  is  to  provide 
basic  and  applied  research  in  support  of 
the  Swedish  defense  effort;  however, 
many  of  the  results  of  such  basic  and 
applied  research  benefit  the  civilian 
sectors  of  the  society  as  well.  As  the 
chief  agency  of  Swedish  defense  re¬ 
search,  FOA  also  has  the  program-manage¬ 
ment  responsibility  for  defense  research 
produced  by  other  agencies.  Contrary  to 
what  is  common  in  most  other  countries' 
defense  organizations,  however,  FOA  is 
not  concerned  with  developing  defense 
materiel.  This  generally  comes  under 
the  purview  of  FMV,  which  has  the  re¬ 
sponsibility  for  the  development,  test¬ 
ing,  procurement,  maintenance,  and  stor¬ 
age  of  military  weapons  systems  and 
other  defense  materiels  and  supplies 
needed  to  equip  the  nation's  defense 
forces.  Each  of  these  organizations  and 
their  associated  defense  research  and 
development  efforts  will  be  described  in 
more  detail  beiow. 


The  National  Defence  Research  Institute 
FOA  is  organized  into  five  depart¬ 
ments  and  a  staff  unit  (Figure  2) .  The 
main  FOA  organization  comprises  some 
i300  personnel  in  the  staff  and  five 
departments.  Most  of  the  organization 
is  located  in  Stockholm,  although  some 
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spurns  to  have  maintained  its  share  of 
funding  in  the  early  1980s  after  a 
steady  decline  durinq  the  1970s.  Despite 
this  continued  support,  university  R&D 
is  stagnating.  For  example,  the  propor¬ 
tion  of  national  R&D  performed  by  higher 
education  is  falling  in  almost  all  coun¬ 
tries  for  which  comparable  data  are 
ava i 1  able . 

The  increase  in  US  defense  R&D 
spending  (from  50  percent  of  total  gov¬ 
ernment  R&D  expenditures  in  1980  to  70 
percent  in  1984)  has  r.ct  been  mirrored 
in  France,  the  UK,  and  most  other  coun¬ 
tries  with  significant  work  in  defense 
F&D .  Even  before  the  upturn,  the  US 
Department  of  Defense  was  by  far  the 
larqest  single  R&D  funding  body  in  the 
OECD  countries,  spending  the  equivalent 
of  the  whole  West  German  national  R&D 
effort,  or  seven  times  as  much  as  the 
largest  individual  firm.  At  the  same 
time,  private-sector  R&D  funding  now 
exceeds  total  government  military  and 
non mi  1 i tary  R&D  spending  in  the  US. 

On  energy  R&D,  the  US  government 
cut:  federal  spending  to  5  percent  of 
total  government  R&D  in  1984  (12  percent 
in  1 980) --largely  by  eliminating  costly 
demonstration  plants.  There  are  signs 
that  funding  is  leveling  off  elsewhere. 
Italy  spends  more  than  France  or  the  UK 
on  government  support  for  energy  R&D. 

Industrial  R&D 

Tn  almost  all  OECD  countries,  the 
amount  of  R&D  financed  by  industry  grew 
more  rapidly  than  that  funded  by  govern¬ 
ment.  In  addition,  company- funded  R&D 
continued  to  grow  more  rapidly  in  the 
early  eighties  than  total  industrial 
activities.  Company  funds  represent 
more  than  two-thirds  of  all  industrial 
R&D  in  almost  all  countries.  The  main 
exceptions  are  countries  with  big  de¬ 
fense  and  aerospace  programs. 

In  the  early  eighties,  governments' 
contribution  to  industrial  P.&D  picked  up 
again  after  a  decade  of  decline.  In  the 
US,  this  reflects  the  recovery  in  de- 
r"nse  R&D  programs,  whereas  in  the  other 
countries  the  funds  are  from  programs  to 
stimulate  economic  development. 

The  main  feature  of  industrial  R&D 
is  its  concentration  in  a  few  countries, 
wit):  about  90  percent  of  the  total  per¬ 
formed  by  the  US,  Japan,  West  Germany, 
Frarce,  and  the  UK.  Industrial  R&D  con¬ 
tinues  to  be  performed  mainly  in  manu¬ 
facturing  industry  and  within  manufac¬ 
turing  in  the  engineering  and  chemical 
industries  (during  the  1970s,  the  elec¬ 
tronic  and  electrical  industries  over¬ 
took  aerospace  in  spending  on  R&D)  . 

The  OECD  report  identifies  another 
significant  aspect  of  industrial  R&D-- 
the  degree  to  which  large  companies, 


many  of  them  multinationals,  determine 
the  pace  and  direction  of  company- 
financed  industrial  R&D.  Such  companies 
are  responsible  for  perhaps  two-thirds 
of  all  industrial  R&D.  For  example, 
General  Motors  in  the  US  commits  about 
as  much  money  to  R&D  each  year  as  indus¬ 
try  in  Italy  or  as  government  and  indus¬ 
try  combined  in  Sweden. 

Ordering  the  Report 

The  OECD  report  is  intended  to  set 
the  scene  for  later  reports  that  will 
evaluate  the  impact  of  R&D  on  society. 
The  report  is  divided  into  five  chap¬ 
ters;  the  first  describes  general  trends 
in  OECD  countries,  and  the  other  four 
deal  with  OECD  member  countries  grouped 
according  to  the  size  and  structure  of 
their  national  R&D  efforts. 

The  report  examines  trends  in  the 
total  amount  of  financial  and  human 
resources  for  R&D,  the  contribution  of 
the  public  and  private  sectors  to  the 
financing  of  national  R&D  efforts,  and 
the  varying  roles  of  industry  and  the 
universities.  Public  support  for  R&D  is 
further  analyzed  in  terms  of  socioeco¬ 
nomic  objectives,  with  special  attention 
being  given  to  energy,  health,  and  de¬ 
fense  programs.  The  report  also  presents 
trends  in  R&D  by  the  major  industry 
groups--for  example,  engineering  and 
electronics,  chemicals,  and  aerospace. 

To  order  the  report,  which  costs 
F ? 7 ,  write  to:  OECD  Publications  and 
Information  Center,  Suite  1207,  1750 
Pennsylvania  Avenue,  NW,  Washington,  DC 
20006-4582. 


2/b/ 3b 


SWEDISH  DEFENSE  POLICY  AND  R&D  ACTIVITY 

by  CAP?  2.  :  addi  e  Coburn,  i.'J.V.  CAP 7 

Coburr  the  Director  of  the  Naval 

Application?  I ivision  and  the  Aerospace 
Py sterna  officer  for  military  aerospace 
research  and  technology  in  Furope  and 
4  he  Middle  Fast  for  the  Cffi ce  of  Naval 
he  search ’s  Condor,  branch  Office. 

Sweden,  although  relatively  small 
in  population  with  approximately  8.3 
million  people,  is  quite  large  in  area 
and  is  geographically  located  in  a  cri¬ 
tically  strategic  military  position  in 
the  Scandinavian  northern  flank  of  west¬ 
ern  Europe.  With  her  entire  eastern 
shoreline  on  the  Baltic  Sea  and  her 
southern  approaches  flanking  the  only 
warm  water  <-nt ranee  to  the  Baltic  Sea 
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Science  Policy 


R&D  SUPPORT  INCREASING  IN  OECD  COUNTRIES 


•  •?„' ;  e  r .  i'r.  .>na;jcr  is 

:*•  faience  T otes. 


Fundinq  for  research  in  some  West¬ 
ern  countries  is  recovering  from  a 
iO-year  slump,  according  to  a  report 
published  by  the  Oroanization  for  Eco¬ 
nomic  Cooperation  and  Development 
(OECD) . 

enae  and  Technology  Tndica- 
•  rj--~esoucocr  Devoted  to  F.iD  focuses 
or  trends  in  the  funding  and  structure 
of  national  R&D  efforts  during  the  1970s 
and  examines  prospects  for  the  1980s. 
The  report  is  concerned  with  R&D  in  OECD 
member  countries;  funding  in  countries 
such  as  the  USSR  and  East  Germany  is  not 
included. 


National  R&D  Trends 


A  general  recovery  in  R&D  spending 
in  the  late  seventies  has  continued  into 
the  eighties,  according  the  the  report. 
R&D  has  grown  more  rapidly  than  gross 
domestic  product  (GDP)  in  all  major 
economies  and  most  Nordic  countries 
(Figure  1 )  . 


R&D  is  concentrated  in  a  few  large 
countries,  with  nearly  half  the  overall 
effort  performed  in  the  US.  The  US, 
Japan,  West  Germany,  France,  and  the  UK 
account  for  about  85  percent  of  the 
total  spending.  The  US,  West  Germany, 
the  UK,  Japan,  Switzerland,  and  Sweden 
now  devote  the  highest  percentages  of 
GDP  to  R&D. 

R&D  has  grown  quickly  in  Japan, 
averaging  8  percent  growth  a  year  at 
fixed  prices  during  the  1970s  and  10 
percent  a  year  during  the  early  1980s. 
Japan's  share  of  all  OECD  R&D  funding  is 
about  17  percent,  up  from  10  percent  in 
1969. 

The  countries  of  the  European  Eco¬ 
nomic  Community  (EEC)  are  increasing  R&D 
spending  at  only  about  3  percent  a  year 
at  fixed  prices.  The  EEC  countries  spend 
about  30  percent  of  the  OECD  countries’ 
total  bill  for  R&D,  but  this  share  is 
now  declining  after  some  growth  in  the 
early  1970s. 

In  the  US,  total  R&D  expenditures 
fell  in  the  early  1970s  but  then  recov¬ 
ered  strongly.  Recently,  the  US  has 
been  increasing  its  R&D  support  by  5 
percent  a  year.  Still,  the  US  share  of 
all  OECD  R&D  funding  fell  from  55  per¬ 
cent  in  1969  to  46  percent  in  1981, 
according  to  the  OECD  report. 


Government  Support 

Although  most  OECD  governments  are 
trying  to  limit  budget  increases,  R&D 


supported  by  JOERS  falls  into  two  main 
areas : 

1.  Investigation  of  the  nonlinear 
optical  properties  of  materials  suitable 
for  drawing  into  fibers  on  which  distri¬ 
butee1,  fiber  sensors  could  be  based. 

2.  Development  of  novel,  high¬ 
speed,  data  acquisition  and  signal 
> rocessing  techniques  suitable  for  use 
in  distributed  sensor  applications. 

In  pursuing  these  goals,  the  de¬ 
partment  is  expecting  substantial  coop¬ 
eration  with  the  Civil  Engineering  and 
Physics  Departments  of  Kina's  College. 
Close  cooperation  with  the  Central 
Electricity  Research  Laboratories  (CERL) 
is  envisaged. 

One  of  the  first  pieces  of  research 
along  the  new  lines  of  interest  (M.C. 
Farries  and  A.J.  Rogers,  currently  at 
CERL)  is  concerned  with  the  development 
of  a  distributed  opt ica 1- f iber  stress 
sensor  with  a  measurement  path  length  of 
?.r>  m  and  a  spa t  i a  1  resolution  of  1  m.  In 
principle,  these  figures  can  be  extended 
to  a  path  of  several  hundred  meters  and 
to  a  resolution  of  less  than  0.1  m,  the 
only  limitation  being  given  by  the  pump- 
laser  pulse  width  and  the  response  of 
the  detection  electronics.  This  unioue 
sensor  uses  stimulated  Raman  interaction 
between  cour; te r-propaqa t  i ng  pump  and 
Stokes  waves.  A  narrow  pump  pulse  is 
launched  into  a  monomode  optical  fiber. 
A  counter-propagating  continuous  wave 
(probe)  at  the  Stokes  wavelength  then 
experiences  gain  which  depends  on  the 
relative  polarization  states  of  the  two 
counter-propagations.  The  power  level  of 
the  probe  light  emerging  from  the  fiber 
is  monitored  as  a  function  of  time.  Via 


the  Raman  interaction,  this  function  now 
provides  information  on  the  distribution 
of  the  polarization  properties  of  the 
fibt'r.  If  these  properties  are  influ¬ 
enced  by  an  external  aqent  to  be  meas¬ 
ured  (stress  in  the  actual  device,  but 
it  could  be,  for  example,  temperature, 
vibration,  magnetic  or  electric  field) , 
then  the  measurand  may  be  mapped  along 
the  length  of  the  fiber.  The  output 
signal  provides  a  real-time  indication 
of  the  distribution  of  Raman  gain  with 
fiber  location  and  does  not  need  the 
processing  required,  for  example,  with  a 
back-scatter  technique. 

In  their  experiments,  the  research¬ 
ers  obtained  a  power  gain  of  2.9  dB  for 
a  pump  pulse  of  48  mj.  (They  note  that 
due  to  pump  absorption  and  forward  Raman 
scattering  the  gain  falls  with  distance 
from  the  pump  input  end.)  The  optical 
pump  was  a  9.5-ns  pulse  from  a  dye  laser 
(pumped  by  a  Nd:Yag  laser)  tuned  to 
617  nm.  The  probe  beam  came  from  a  5-mW, 
CW-operated  HeNe  laser  at  632.8  nm.  They 
used  a  low  birefringence,  "spun-preform" 
monomode  fiber  with  both  a  primary  and  a 
secondary  coating.  Stress  was  applied  by 
a  manual  vice. 

Conclusion 

This  article  focused  on  the  two 
areas  of  research  which  put  the  depart¬ 
ment  in  the  forefront  of  international 
efforts  in  two  areas  that  are  followed 
keenly  in  centers  of  US  Navy  research. 
Possibilities  of  cooperation  are  strong 
and  desirable. 
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scale  were  so  much  ahead  of  theoretical 
understanding  that  confidence  in  the 
practical  development  waned  considera¬ 
bly,  since  by  theory  "the  thing  just 
couldn't  really  work."  Consequently, 
when  the  financial  crunch  hit  the 
universities,  work  was  dropped — except 
in  the  USSR  where,  either  because  of 
inertia  or  foresight,  intensive  studies 
were  continued.  These  eventually  led  to 
a  partial  understanding  of  the  mecha¬ 
nism.  In  fact,  it  turned  out  that  subtle 
relativistic  effects  play  a  major  role. 
If  these  are  properly  taken  into  ac¬ 
count,  efficient  performance  can  be 
predicted  with  confidence.  As  a  result 
of  these  achievements,  Western  work 
started  again  to  flourish.  In  particu¬ 
lar,  Lindsay  and  his  coworkers  first 
developed  a  theory  of  gyrotron  amplifi¬ 
ers  based  on  strictly  microwave  con¬ 
cepts,  whereas  earlier  theories  were 
largely  based  on  the  concept  of  plasma 
instabilities.  As  far  as  gyrotron  oscil¬ 
lators  are  concerned,  special  emphasis 
was  placed  in  these  studies  on  the  gene¬ 
ration  of  spurious  modes  of  oscilla¬ 
tions  . 

Lindsay's  gyrotron  research  is  sup¬ 
ported  by  the  UK's  Science  and  Engineer¬ 
ing  Research  Council  as  well  as  by 
industrial  companies  and  is  conducted  in 
close  cooperation  with  the  national  Cul- 
ham  Laboratory.  In  his  most  recent  work, 
he  and  his  associates,  Drs.  R.M.  Jones 
and  R.J.  Lumsden ,  achieved  a  clear  and 
compact  model  of  the  gyrotron  interac¬ 
tion  mechanism,  based  on  the  concept  of 
filamentary  and  tubular  "beamlets"  and 
their  interaction  with  a  waveguide  or 
cavity  electromagnetic  field.  Contrary 
to  currently  accepted  views,  Lindsay 
shows  that  five  different  energy-trans¬ 
fer  mechanisms  are  operative,  three  of 
them  acting  in  the  transverse  and  two  in 
the  axial  direction.  In  particular,  one 
mechanism  is  due  to  the  relativistic 
variation  of  the  electron  mass,  and  the 


other  is  due  to  the  magnetic  component 
of  the  radio-frequency  field  (also  a 
relativistic  effect) .  He  also  shows  that 
when  a  gyrotron  is  operating  near  the 
cutoff  frequency  of  a  TE  mode,  then  ef¬ 
fects  due  to  the  relativistic  variation 
of  the  electron  mass  predominate,  and 
the  amplification  process  is  at  its 
maximum. 

Even  though,  as  noted  above,  the 
importance  of  relativistic  effects  has 
been  known  for  some  time,  Lindsay's  com¬ 
plex  picture  is  quite  revolutionary  and 
needs  definitive  experimental  confirma¬ 
tion.  As  one  important  test,  he  suggests 
the  study  of  gyrotron  amplification  as  a 
function  of  the  transit  angle. 

Optical  Fibers  and  Sensors 

These  topics  were  for  quite  a  while 
high-priority  areas  in  Lindsay’s  group, 
and  originated  from  extending  research 
in  modern  optics.  A  particular  line  of 
research,  followed  by  Lindsay  in  con¬ 
junction  with  Dr.  A.J.  Rogers  and  Mr.  M. 
Farries,  concerned  the  development  of 
distributed  sensing  techniques.  This 
rapidly  growing  area  of  research,  with 
many  practical  applications,  allows  the 
determination  of  the  spatial  variation 
of  a  given  entity  along  the  length  of  an 
optical  fiber.  For  example,  the  measure¬ 
ment  of  electric  and  magnetic  fields, 
stress,  strain,  and  temperature  in  large 
structures  (ships,  bridges,  power  lines) 
or  in  hostile  environments  calls  for 
these  approaches.  One  interesting,  typi¬ 
cal  basic-research  result  in  this  area 
was  published  by  the  group  last  year;  it 
was  demonstrated  that  the  electro-optic 
Kerr  effect  is  potentially  useful  in 
optical  measurement  sensors.  Low  volt¬ 
ages  can  be  used  and  electrostriction 
effects  can  be  avoided. 

Recently  the  department  received  a 
substantial  development  grant  from  the 
government's  Joint  Opto-Electronics  Re¬ 
search  Scheme  (JOERS) .  The  program  to  be 
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at  '.5.5  degrees  from  the  crystal  axis. 
The  diode  is  mounted  onto  a  copper  heat 
sink.  Because  of  the  Brewster  angling, 
the  laser  diode  was  put  into  a  condition 
of  frustrated  feedback  and  was  trans¬ 
formed  into  a  gain  medium  only,  so  that 
r.o  evidence  of  lasing  was  observed,  even 
under  the  extreme  condition  of  injec¬ 
tion-currents  2.5  times  the  threshold 
current  for  zero-degree  laser  diodes. 

The  diode  device  was  put  into  a 
resonator  configuration  so  that  one  of 
its  facets  was  at  the  center  of  a  5-cm 
radius  of  curvature  semi spher i ca 1  mir¬ 
ror.  This  led  to  obtaining  maximum  feed¬ 
back.  A  20-magnification  microscope  ob¬ 
jective  collimated  the  laser  diode  emis¬ 
sion  from  the  other  facet.  A  broadband 
dielectric  mirror  was  used  as  the  output 
coupler  (in  later  arrangements,  ><40  mag¬ 
nification  microscope  objectives  were 
optically  coupled  to  both  facets  of  the 
diode).  A  Fabry-Perot  was  inserted  in 
the  cavity  to  limit  the  laser  spectral 
width  (in  another  arrangement,  the  mir¬ 
ror  ar.d  the  F-P  etalon  were  replaced  by 
a  diffraction  grating). 

In  a  series  of  already  completed 
experiments,  peak  power  of  over  0.5  W 
lias  been  observed  with  no  evidence  of 
any  temporal  or  spectral  substructure. 
Pulse  durations  in  the  neighborhood  of 
9.5  ps  were  observed,  and  tunability 
over  more  than  15  nm  was  confirmed. 

The  group  expects  further,  probably 
spectacular  progress  in  performance  of 
this  unique  mode-locked  laser  system. 


NEW  DIRECTIONS  AT  AN  OLD  DEPARTMENT: 
GYROTRON  AND  FIBER  SENSOR  RESEARCH  AT 
KING'S  COLLEGE 

hu  ho  nan. 


The  Electronic  and  Electrical  Engi¬ 
neering  Department  at  King's  College, 
I. order,  is  rapidly  moving  into  the  fore- 
front  o c  research  in  gyrotron  theory  and 
fiber  sensors.  This  increased  activity 
has  been  encouraged  by  renewed  support 
by  the  t.'K  government. 

Science  and  engineering  have  from  a 
vet  y  early  stage  occupied  a  prominent 
pr.it  ion  in  the  college:  indeed  its  aca- 
d> ro  -  engineering  school  is  probably  the 
oldest  i r  England,  dating  back  to  1838. 
C ;  i  n  t  s  like  Charles  Wheatstone,  James 
•':*  rk  y  i  xwe  1  ;  ,  and  Sir  William  Siemens 
w‘  r 1  associated  with  this  school,  and 
•  *'•  la"  er  made  an  endowment  which,  to 


this  day,  supports  the  chair  assigned  to 
the  head  of  the  Electronic  and  Electri¬ 
cal  Engineering  Department.  The  incum¬ 
bent  is  Professor  C.W.  Turner,  a  noted 
scientist  and  educator,  who,  among  other 
degrees,  holds  a  PhD  from  Stanford. 

The  department  is  a  somewhat  small 
but  well-integrated  unit,  with  strong 
interdisciplinary  links  to  other  engi¬ 
neering  and  science  departments.  There 
is  a  staff  of  about  20  people,  and  the 
undergraduate  student  body  numbers  over 
250.  In  addition,  there  are  well  over  60 
graduate  and  research  students. 

For  convenience,  the  research  done 
at  the  department  is  divided  into  three 
main  categories:  (1)  devices  and  model¬ 
ing,  (2)  sensing  systems/devices,  and 
(3)  microprocessors  and  microelectron¬ 
ics  . 

The  senior  professor,  and  holder  of 
a  personal  chair  in  physical  electron¬ 
ics,  is  Dr.  P.A.  Lindsay,  known  to  many 
US  scientists  both  from  international 
conferences  and  from  his  past  extended 
work  in  the  US.  I  recently  discussed 
with  him  two  unrelated  major  thrusts  of 
research  under  his  direction;  these  fall 
in  the  first  two  research  categories 
listed  above.  The  work  concerns  theoret¬ 
ical  gyrotron  research  and  the  use  of 
optical  fibers  as  sensors.  Both  are  cur¬ 
rently  hotly  pursued  topics  worldwide. 

Gyrotron  Studies 

Gyrotrons,  also  called  cyclotron 
resonance  masers,  are  novel  and  very 
promising  members  of  the  family  of  ad¬ 
vanced  microwave  generators.  Their  oper¬ 
ation  is  based  on  the  cyclotron  reso¬ 
nance  coupling  between  microwave  fields 
and  an  electron  beam  in  vacuum.  The 
operational  scheme  of  a  gyrotron  is 
sketched  in  Figure  1.  Note  that  this  is 
a  cross  section,  so  that  the  entire 
electron  beam  is  really  a  hollow  beam 
with  all  electrons  having  helical 
motion . 

Gyrotrons  currently  can  produce 
electromagnetic  radiation  in  the  range 
of  20  to  1000  GHz,  with  peak  power  out¬ 
puts  from  1  MW  to  over  100  MW,  and  thus 
are  greatly  superior  to  conventional 
microwave  tubes  in  regard  to  power  out¬ 
put  at  very  short  wavelengths.  Gyrotrons 
have  a  great  potential  for  applications 
in  millimeter-wave . radar  and  communica¬ 
tion  systems,  energy-beam  weapons,  and 
microwave  heating  of  magnetically  con¬ 
fined  plasmas. 

Gyrotron  research  has  a  curious 
history.  Work  started  about  20  years 
ago,  with  King's  College's  electrical 
engineering  department  in  the  forefront, 
together  with  US  and  Soviet  research.  At 
one  point,  preliminary  experimental  work 
and  actual  wave  generation  on  a  small 
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*  he  liitrat  ior.  of  the  an.pl  if  led  laser 
pi  lot's  ifter  tr.insnsMi'ii  throuq!.  the 
wave  guide  without  any  Haitian  medium  arid 
i  the  first  St  ekes  pulses  indicate.! 
that  the  latter  were  shortened  Ly 
fn't.rs  be  twee  i.  2 .  ej  arid  2.9.  In  later 
f  :-:r  >  riments  the  researchers  used  methane 
for  r  he  Lamar.  med l ur. .  Because  of  t  lie 

very  short  phonon  lifetime  the  enhanced 
t  -.ii.  row  enables  the  first,  second,  and 
even  third  Stokes  orders  to  be  observed 
( a  t  'hi,  9 f  4  ,  1  14 h  r m  ,  res pe c t.  i  ve  ly)  . 
1  t  the  tirst-  and  second-order  twins ,  a 
r:  1- 1  rttriinq  factor  of  l.~  was  found,  cor¬ 
responding  to  ISO-fs  duration.  It  was 
also  established  that  these  were  trans¬ 
form  limited  durations.  Even  if  no 
further  pulse  shortening  is  assumed  in 
the  third-order  Stokes  output,  the  peak 
powers  at  1.94  urn  still  exceed  S  MW. 
With  these  pioneering  advances  it  became 
possible  for  the  researchers  at  Imperial 
College  to  carry  out  time  domain  studies 
on  a  femtosecond  scale  in  the  near 
infrared:  research  possibly  crucial  for 
optical  telecommunication. 

Color-Center  Lasers.  Once  ultra- 
short  pulse  reduction  techniques  were 
mastered,  it  became  of  paramount  inter¬ 
est  to  search  for  appiopriate  lasers 
both  to  feed  experimental  devices 
exploring  fiber  transmission  of  band¬ 
width  limited  pulses  (digital  data 
transmission)  and,  ultimately,  to  be 
light  sources  for  optical  communication. 

Color-center  lasers  are  attracting 
increasing  interest  as  very  efficient 
sources  of  easily  tunable,  optically 
pumped  sources  of  coherent  radiation  in 
the  visible  and  in  the  near  infrared. 
However ,  maintaining  of  the  orientation 
of  the  color  centers  requires  cooling  of 
•■he  active  medium  to  cyrogenic  tempera¬ 
tures.  This  may  be  an  annoying  restric¬ 
tion  for  the  operation  of  CW  laser  sys¬ 
tems,  but  it  also  was  demonstrated  a  few 
years  ago  that  pulsed  laser  action  could 
be  achieved  at  room  temperature.  Sib- 
bett’s  photonics  group  recently  achieved 
tunable  room-temperature  laser  operation 
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The  resu  .ts  M*r..ir  ;  .’*■.•!  above  have 
encouraged  the  g  r  ir  t  s  e . : , .  • : ,  far  more 
stal>  le  and  versa*  :le  a  1  ka  !  :  -  ha  !  ide  t  una¬ 
ble  nanosecond  laser  sour-  'ex  a  t  longer 
wavelengths,  whi-'b.  could  operate  stably 
in  a  pulsed  n.«  .de,  at  room  temperature . 

Mode- 1. O'  •  k  *  >d _ Sem  i  con  duo  t  or  La  se  r  s  ■ 

Ar.r.'t  her ,  and  mere  traditional,  although 
less  tunable,  source  for  experimentation 
(and  ultimate  commercial  use)  in  optical 
communication  is  the  class  of  semicon¬ 
ductor  diode  lasers.  These  provide  a 
variety  of  means  for  compos i t i ona 1 
tuning,  and  for  a  selected  composition 
limited  temperature  tuning  car.  be 
employed,  however,  these  lasers  do  not 
possess  sulficient  phase  coherence  for 
use  in  very-high-performance,  coherent, 
optical  communication  systems,  and  when 
operated  with  RF  injection  currents, 
they  do  not  produce  sufficiently  short 
pulses  for  use  at  ultra-high  bit  rates. 
To  achieve  sufficiently  high  bit  rates, 
picosecond  optical  pulses  must  be  pro¬ 
duced  in  a  mode-locked  configuration. 
This  suggested  to  the  researchers  the 
use  of  a  semiconductor  laser  coupled  to 
an  external  oscillator.  However,  reflec¬ 
tion  from  the  diode  facets  (even  if  they 
are  ant i re f lect ion  coated)  causes  diode 
mode  structure  and  so  introduces  addi¬ 
tional  temporal  structure  on  the  mode- 
locked  pulses. 

Not  long  ago  Drs.  Sibbett,  J.I. 
Vukusic,  J.  Chen  (now  back  at  Sichuan 
University,  People's  Republic  of  China) 
and  coworkers  came  up  with  the  oioneer- 
ing  idea  to  use  oxide  insulated  GaAlAs 
stripe  geometry  diodes,  where  the  stripe 
was  tilted  at  an  angle  from  the  crystal 
axis  which  is  nearly  equal  to  the  Brew¬ 
ster  angle  for  C.aAs.  In  this  way,  they 
achieved  a  unique  solution  for  near-per¬ 
fect  mode  locking.  Their  500-um-long 
diodes  have  a  19-um-wide  stripe  tilted 
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also  !  educe  the  Brillouin  adin— even 
though  they  produce  significantly  short¬ 
er  durations.  In  summary,  it  seems  that 
the  use  of  a  R-oavity  eou Ld  provide  a 
useful  technique  for  producing  short  - 
dura  Mon  pulses  of  high  intensity  from 
laser  systems  where  tore  conventional 
methods  are  not  convenient,  allowing 
high  beam  quality  at  the  same  time. 

Current  plans  include  the  synchron¬ 
ization  of  the  I  (math  of  the  pump  cavity 
to  that  of  the  F-eavity.  Furthermore, 
experiments  are  under  way  to  optimize 
the  degree  of  phase-conjugate  fidelity 
(which,  incidentally,  is  less  in  SBS- 
based  methods  than  in  four-wave  mixing 
techniques).  A  new  approach  using 
heterodyning  to  measure  the  phase-con¬ 
jugate  fraction  of  the  reflected  signal 
will  be  published  soon. 

.Vi  seel  1  ar.eous  Plans.  The  nonlinear 
effects  researchers  also  have  a  few 
other  plans  which  I  car.  mention  but 
briefly.  One  is  to  develop  distributed- 
feedback  dye  laser  systems  which,  they 
think,  will  produce1  (because  of  the 
smallness  of  the  volume)  nanosecond- 
t j-p i cosecond  compression  in  a  simple 
device; ,  allowing  also  for  great  tunabil- 
ity.  in  addition,  frequency  doubling  and 
reinjection  into  an  excimer  may  then 
lead  to  very  strong  and  very  short  VUV 
pu  1  SOS . 

Another,  more  technical,  research 
i i  r ,  <  ■  aims  at  increasing  from  the  usual 
1  percent  to  3  percent  the  efficiency  of 
x-ray  pro  ionized  cxcimer  lasers,  by 
moans  of  a  backcoufling  mechanism  that 
leads  to  optimal  operating  conditions. 

t'J  trashort  Pulses 

Dr.  W.  Sibbett,  who  showed  me 
.around  the  labs  where  these  efforts  are 
concentrated,  explained  that  their  work 
"onoerns,  foremost,  generation  of  ultra- 
short  laser  pulses  (i.e.,  construction 
of  highly  specialized  laser  systems); 
second,  measurement  techniques,  devices, 
and  actual  measurements  adapted  to  such 
time  scales;  and  third,  exploration  and 
application  of  phenomena  on  this  time 
scale.  Their  research  is  supported  in 
part  by  British  Telecom  and  by  Phillips, 
b’1  cause  i  he  current  emphasis  of  the  work 
is  on  the  physical  basis  of  optical 
f o  1  orommun i cat  ion  .  This  involves  study 
'  •’  bo*  h  solid  st  ate  systems  such  as 
loi — center  lasers  as  well  as  semicon¬ 
ductor  research  in  the  area  of  diode 
la  u-rs.  betting  ultrashort  pulses  in 
til  1  I  e  r  *  •;,  t  ways,  studying  the  propagation 
,f  uii'di  pi;  1  si's  in  fibers,  and  developing 
i  v  s  t  r  uiTiiin  td  t  i  on  (such  as  streak  cameras) 
are  ill  topics  that  have  both  basic  and 
ipplied  research  aspects.  Some  of  the 
r.  opt  ac'-omp]  i  shments  are  described 

be  1  OW . 


Mode-I.ocked  Pint;  CW  Dye  Lasers. 
Several  years  ago,  passive  mode  locking 
of  continuous  wave  (CW)  dye  lasers  was 
established  as  a  reliable  means  far  gen¬ 
erating  ultrashort  light  pulses.  Sib- 
bett’s  group  used  a  particular  version 
of  previously  suggested  arrangements  to 
make  careful  studies  of  both  pulse  width 
and  interpulse  jitter.  They  built  a  rir.a 
CW  dye  laser,  where  a  solution  of  Rhoda- 
mine  6G  was  pumped  by  the  514.5-r;n;  line 
from  an  argon  ion  laser  with  3-  to  6-W 
output.  The  saturable  absorber  was  a 
solution  of  D0DC1  in  a  free-flowing  jet 
stream  of  about  100-um  thickness.  The 
output  beams  were  taken  throuah  a  mirror 
and  frequency  tuned  by  an  intracavity 
dielectric  tuning  wedge.  The  average 
power  in  each  beam  was  near  10  mW.  The 
cavity  transit  time  was  approximately 
12  ns,  corresponding  to  a  pulse  repeti¬ 
tion  frequency  of  83  MHz.  For  the  meas¬ 
urement  of  pulse  width,  one  of  the  beams 
was  directed  to  an  autocorrelator  with  a 
second  harmonic  generation  crystal,  and 
the  other  beam  was  subdivided  to  provide 
a  trigger  signal  to  the  radio-freauency 
(RF)  circuitry;  the  remainder  illumina¬ 
ted  the  input  slit  of  a  synchro scan 
camera  used  to  determine  the  long-term 
jitter.  It  was  found  that  single  pulse 
operation  could  be  maintained  for  pump 
powers  only  50  to  70  percent  above 
threshold  and  that  pulse  durations  de¬ 
creased  rapidly  with  increasing  pump 
powi.-i  (and  then  stabilized).  Pulses  not 
longer  than  0.18  ps  have  been  observed 
(using  pump  power  just  over  45  W  only). 
In  summary,  the  advanced  streak  results 
demonstrated  that  both  the  laser-pulse 
duration  and  the  jitter  (accumulated 
during  the  approximately  1-second-long 
recording  period)  are  substantially  less 
than  1  ps.  The  low  value  of  the  jitter 
(accumulated  during  108  cavity  periods!) 
is  attributed  to  the  mechanism  of  the 
colliding  pulse  mode  locking  because  the 
propagating  pulses  experience  minimal 
loss  in  the  saturable  absorber  when  the 
difference  in  arrival  time  is  zero.  The 
authors  add  that  this  may  be  complemen¬ 
ted  by  a  transient-absorption  grating 
which  would  tend  to  couple  together  the 
■’ounter-propagating  pulses  and  therefore 
-ahance  the  precision  of  the  synchroni¬ 
zation. 

In  their  further  push  for  shorter 
and  shorter  pulses,  the  research  group 
experimented  also  with  transient  stimu¬ 
lated  Raman  scattering  of  femtosecond 
laser  pulses.  They  based  their  work  on 
the  fact  that  stimulated  Raman  scatter¬ 
ing  of  mode-locked  CW  dye  laser  pulses 
provides  a  convenient  mechanism  for  the 
production  of  frequency-tunable  femto¬ 
second  pulses  in  the  entire  region  from 
ultraviolet  to  near  infrared.  Their 


215 


(19  8  5) 


F1SN’  3  9  -  r 


r.d- 

rd, 

t  ? 

,  y,  : 

r 

elicit,  it  ' : 

> 

not  a 

sol 

;  ■  M  c 

pro 

bier 

-  ; ; :  k 

i,,  or.! 

y  i 

n  the 

f  a. 

k 

wa  r 

d  u 

i  r  P* 

t  i  on  . 

I r  add i  t  l 

or:  , 

the 

:u.> 

r 

t  ur 

t*  r  i 

;  c  u 

n  c  y  t 

••  r 

SBS  is  ,i 

’TK'  S 

t  Ml- 

pp  r 

c 

p  r  j  t 

S  1 

ice 

t  iu‘ 

* 

kes  fre-ut 

i'-Ill 

-V  is 

'i cy 

r 

l 

:’d  te 

1*/ 

•an?  1 

o  t  h<*  Idbor 

tro- 

n 

cy  , 

a  r. 

i  t  b 

P  IP  t  a 

I'p 

•  )  1 1  -  S  t  o  k 

?s 

pu  !  ,.e 

::  a  \ 

b  *■ ; 

f  u  r  t 

V-j  t  ,  y- 

amp  1 

Ti 

cd  i  r;  a  1 

a  s  p 

v  ar.- 

ill 

f 

it*  r 

.  A 1 

so , 

si  rc* 

• 

he  Brillouin 

pro- 

5; 

i  t- 

i  n 

i  t  i  a 

t  pc:  s 

pc 

nt  a:. or  1  is  1  \ 

in  the 

T.  f  J 

urn , 

t'  h  e 

r  e  i 

P  O 

HP 

eri  tor  an 

i n j  tc ted 

k 

PS 

r  u  1 1 

.e  . 

The  s 

fern  is  re 

na  i 

k  a  b  1  y 

imp 

le  : 

:  t. 

OP  i  \ 

need 

p 

a  t  ube  f l ! 

1  o< 

w  i  t  h 

u>. 

d 

b  tr  r 

opr  i 

a  t  p 

1  i  q  u  i 

d 

in  which  t 

he 

C  £' 

O 

s  t' 

i  :* 

wa  vp 

i  s 

di 

ivcii.  (.qf 

t  ■ 

other 

e  xc 

i 

1 1  r. 

i?  C\ 

aracterist i 

c  of  SBS 

: :> 

t  hat 

■ : : .  c.i  »■  r  appropriate  cord  it  ions  t  ht-  Stokes 
wave  is  a  phase  conjugate  of  the  input 
w.vo .  (Pic r.eor  i  r.g  work  in  this  area  was 
done  first  by  Soviet  authors.)  Apart 
from  other  uses  of  phase  con  jucra  t  ion  , 
this  allows  for  compensation  of  optical 
i nhoniogene i t ies  in  laser  amplifiers.  One 
price,  to  pay  for  all  these  fine  features 
of  PBS  applications  is  that  there  is  a 
threshold  below  which  no  scattering 
c  ecu  r  s . 

After  earlier  experiments  with  dif¬ 
ferent  arrangements  that  demonstrated 
the  efficiency  and  versatility  of  the 
firiilouin  mirror  for  pulse  conpression, 
Darr.zen  and  Hutchinson  recently  concen¬ 
trated  their  efforts  on  achieving  pulse 
compression  in  a  phase-conjugating  Bril- 
louin  cavity.  Phase  conjugate  signals 
are  usually  produced  by  degenerate  four 
wave  mixing  (see  also  £’.'57  39-3:101-104 

(1985]) ,  but  the  Imperial  College  scien¬ 
tists  assert  that  the  use  of  SBS  pro¬ 
vides  a  more  efficient  and  convenient 
phase-conjugating  mirror. 

High  reflectivities  can  be  achieved 
without  the  need  for  the  strong  pumping 
beams  (or  other  exciting  mechanisms)  of 
the  four-wave  mixing  process.  The  tricky 
requirement  of  critical  alignment  and 
good-quality  pump  beams  is  thereby  elim¬ 
inated.  Furthermore,  in  addition  to  con¬ 
trolling  the  transverse  features  of  the 
pulse  by  phase  conjugation,  the  Brillou¬ 
in  mirror  can  tailor  the  time  profile  of 


the  pulse — if  one  use:  suitable  inter¬ 
act  ion  geometry,  and  if  one  carefully 
adjusts  the  transient  and  nonlinear 
characteristics  of  the  process.  Kith 
these  points  in  mind.,  *  he  authors  built 
a  cavity  formed  by  a  pair  o :  biillouin 
mirrors,  taking  advantage  of  botn  the 
phase-conjugating  and  pulse-compressing 
mechanisms  of  the  SB:'  process.  Jr  this 
manner,  a  phase-con  jugate  resonator  v/as 
produced  which  emits  a  train  of  intense 
pulses  of  subr.anosecond  dut  at  ion . 

The  setup  is  sket  cubed  i  n  Figure  3. 
The  output  pulse  of  a  (.'-switched  ruby 
1  a  st  i  w.is  amplified  to  about  100-mJ 
pulse  energy.  The  radiation  was  focused 
into  a  lri7-cm-lonq  chamber  containing 
methane  at  tiV  atm  pressure,  and  a  second 
focus  was  formed  by  a  second  lens  inside 
the  chamber.  The-  two  foca  !  regions  act 
an  Brillouin  mirrors,  so  that  a  cavity 
(the  "B-cu"ity")  was  produced  which  was 
capable  of  osci 1 lat ion .  The  purpose  of 
the  ruby  oscillator  in  the  entire  laser 
system,  which,  consists  of  the  R-cavity 
coupled  to  the  »  imp  cavity,  is  simply  to 
inject  the  input  r..ii  row- 1  .no-width  pulse 
so  as  tc  reach  the  threshold  for  BPS  and 
to  initiate  the  oscillations.  It  dees 
not  play  a  role  ir.  the  subsequent  dynam¬ 
ics  since  its  gain  is  depleted  when  the 
reflected  Brillouir.  pulses  return.  (But 
its  output  mirror  serves  as  a  resonator 
mirror  for  the  ruby  amplifier.) 

The  output  of  the  system  was  moni¬ 
tored  by  a  photodiode  that  obtained 
illumination  ft  cm.  a  beam  splitter  placed 
between  the  ruby  amplifier  and  the 
entrance  lens.  Broad  pulse  structures 
up  to  50-ns  duration  were  seen  when 
40-ns-long  input  pulses  were  used.  The 
shortest  pulses  seen  in  the  train  were 
300-ps  long.  The  researchers  say  that  if 
narrow-bandwidth  pressurized  XeCl  or  KrF 
lasers  are  used,  pulses  as  short  as 
100  ps  could  be  produced  by  pulse  com¬ 
pression.  Even  shorter  pulses  are  expec¬ 
ted  with  transparent  Brillouin  active 
liquids  for  which  the  acoustic  frequency 
is  relatively  large.  In  this  case, 
transient  interactions  may  occur  which 
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Figure  2. 


Experimental  setup. 


beam  was  then  focused  into  the  center  of 
an  3-cm-long  xenon  cell  mounted  on  the 
front  of  a  commercial  VUV  monochromator. 
This  is  the  place  where  the  process 
wvuv  =  2  oj  u  v  -  wvis  took  place.  The  UV 
pulse  at  249.6  nrr,  had  30-kW  power;  the 
visible  630-nm  pulse  had  25  kW.  The 
resulting  155-nm  VUV  radiation  had  up  to 
100-W  peak  power  and  was  produced  in 
about  5-ns  pulses.  The  tuning  of  the  VUV 
radiation  was  achieved,  of  course,  by 
tuning  the  630-nm  dye  laser.  The  VUV 
radiation  was  detected  by  a  photomulti¬ 
plier,  and  the  signals  were  processed  by 
a  'standard  transient  digitizer  and 
m i n i computer . 

Tn  summary,  the  experiments  so  far 
have  demonstrated  that  two-photon  reso¬ 
nantly  enhanced  four-wave  frequency  mix¬ 
ing  in  xenon  offers  a  good  method  of 
producing  continuously  tunable,  vory- 
na r row-bandwidth  (near  1  GHz)  VUV  radia¬ 
tion  of  relatively  high  power  and  a  wide 
spectral  range,  with  an  efficiency  near 
to  0.25  percent  .  On  the  other  hand,  sat¬ 
uration  effects  were  observed,  leading 


to  some  spectral  broadening.  Current 
experiments  are  therefore  being  conduct¬ 
ed  to  investigate  these  effects  by  means 
of  a  detailed  study  of  the  ionization 
process  (rates)  in  the  ionization  cham¬ 
ber.  Other  experiments  are  under  way  to 
develop  an  automatic  computer  control  of 
the  entire  system.  Finally,  tuning  be¬ 
tween  modes  will  be  also  investigated. 

Brillouin  Scattering  and  Applica¬ 
tions  .  Since  the  early  1980s,  there  has 
been  considerable  interest  in  the  pro¬ 
duction  of  pulse  compression  by  back¬ 
ward-wave  amplification.  There  are  two 
popular  routes:  via  stimulated  Raman 
scattering  or,  more  recently,  by  means 
of  stimulated  Brillouin  scattering 
(SBS)  .  The  Imperial  College  group, 
especially  Drs.  M.H.R.  Hutchinson  and 
M.J.  Damzen,  strongly  advocate  the  lat¬ 
ter.  They  have  demonstrated  not  only 
that  it  can  be  done  easily,  but  also 
that  it  has  many  advantages,  such  as 
permitting  considerably  higher  efficien¬ 
cies  at  higher  compression  ratios. 
This  is  so  because  the  production  of 
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as  the  EE  arc  Japan,  and  anticipates 
p  at  icipat  it  r  in  the  polar  platform  com¬ 
ponent  of  the  future  US  space  station. 

Achievement,  s  _ir.  Earth  Observations 

Suhstont i a  1  arluuvements  have  been 
nude  in  ol.si  rving  the  Earth  from  space. 
Coupled  with  very  rapid  developments  in 
computer  technology,  such  satellite  ob¬ 
servations  have  had  a  major  impact  on 
the  research  and  operational  field  of 
meteorology.  The  international  Globa] 
Atmospheric  Research  Program  (GARP)  was 
established  jointly  by  the  World  Meteor¬ 
ological  Organization  and  International 
Council  of  Scientific  Unions.  Its  main 
objective  was  an  understanding  of  the 
basic  physical  and  dynamical  processes 
of  the  global  atmosphere,  and  its  ulti¬ 
mate  goal  was  to  improve  medium-  and 
ext ended-range  weather  forecasting.  GARP 
culminated  with  the  Global  Weather  Ex¬ 
periment  in  19”9.  Five  geostationary 
spacecraft  of  the  US,  Japan,  ESA,  and 
the  USSR  along  with  two  polar  orbiting 
satellites  of  the  US  and  USSR,  as  well 
as  drifting  buoys  and  balloons  and  air¬ 
craft,  provided  continuous  observations. 
The  European  Center  for  Medium  Range 
Weather  Forecasting  (located  in  Reading, 
UK)  was  responsible  for  analyzing  the 
data  of  the  year-long  experiment.  ESA's 
contribution  was  METEOSAT,  and  it  is 
that  spacecraft  which  now  provides  rou¬ 
tine  images  that  are  u~°d  by  most  Euro¬ 
pean  weather  service!  for  short-range 
forecasting.  The  US  spacecraft,  Nim¬ 
bus-"',  included  a  number  of  instruments 
to  provide  global  measurements  of  the 
structure  and  composition  of  the  middle 
atmosphere  for  the  first  time.  Two  of 
these,  the  selective  chopper  radiometer 
and  the  passive  modulation  radiometer, 
were  provided  by  European  laboratories. 

Since  more  than  70  percent  of  the 
Earth’s  ocean  is  covered  by  water  or 
ice,  an  understanding  of  the  ocean-ice 
distribution  and  interfaces  with  the 
atmosphere  are  essential  for  climatic 
studies  as  well  as  exploitation  of  re¬ 
sources  in  and  beneath  the  oceans.  In 
contrast  to  the  transparencies  of  the 
atmosphere,  the  interior  of  the  oceans 
;  •  lmpppi't  ruble  by  remote  sensing.  De- 

•  a  i  led  measurements  of  the  sea-surface/ 
a ; : -atmosphere  interface  are  critical  to 
provid-1  information  on  subsurface  struc- 

*  w  r  *•  arid  dynamics.  Although  ESA  has  not 

:  riv  ,  ]  -.■»d  directly  in  the  spacecraft 
.  s.'ium  EEASAT,  which  provides  critical 
d  i  ‘  r  these  studies,  it  has  partici¬ 
pate  i  ■)]'•  exploitation  of  these  data 
with  • he  development  of  analysis  and 
;  :  f  ■  rp r e i a  *  ;  on  methods.  Several  users 
groups  h  been  formed  within  Europe  to 
accomplish  this.  In  particular,  a 
spec i lie  effort  to  use  the  synthetic 


aperture  radar  data  set  from  SEASAT  was 
undertaken  jointly  by  the  ESA  and  the 
European  Economic  Community  in  their 
SAR580  campaign. 

For  the  remaining  3b  percent  of  the 
Earth's  surface,  which  is  1  nrd-covered , 
effective  management  of  resources  is  the 
mam  challenge  of  the  future.  Spectral 
reflectance  measurements  in  the  'visible 
and  near- 1 1. :  m red  port  ion  of  the  elec¬ 
tromagnetic  spectrum  and  radiometric 
measurement  s  in  the  thermal  infrared  and 
microwave  | ort ion  of  the  spectrum  have 
been  made  if  the  land  surfaces.  A  metric 
camera  experiment  provided  by  West  Ger¬ 
many  fo:  :  1  i  •:}.*  n  Space  lab  1  demonstra¬ 
ted  t  he  .  .  ity  to  obtain  high-resolu- 
t  ior.  t-  :  : :  it.i.j  •  data  from  space.  The 

a!  .  I  ity  -  *  Shuttle  Imaging  Radar  to 

;  e.’.et  r  i  •  •  E  ,d  cover  has  provided 
weather- .  noeper.der.f  daytime  and  night¬ 
time  '.,Lse:  '-at  icr.s ,  as  done  by  SEASAT. 

Ai..  lifts  of  tlie  spectral  signature 
of  'he  back-seat,  tored  energy  can  provide 
useful  data  on  the  chemical  composition 
and  microscopic  structure  of  the  land 
surface  and  its  vegetative  cover.  How¬ 
ever,  such  spectral  signatures  can  be 
affected  by  both  atmospheric  conditions 
as  well  as  the  illumination  angle,  so 
further  research  in  the  interpretive 
area  is  critical.  It  is  expected  that 
application  of  such  land  observations 
will  benefit  both  renewable  and  nonre¬ 
newable  resources,  the  environment,  and 
finally  hydrographic  and  land-use  plan¬ 
ning  . 

Solid-Earth  physics  has  benefited 
primarily  through  the  careful  applica¬ 
tion  of  geodetic  techniques  directed 
toward  studies  of  plate  motion,  Earth 
rotation,  the  Earth's  gravity  field  and 
its  geoid,  the  Earth's  magnetic  field 
and  its  secular  change,  and  finally  the 
dissemination  of  accurate  time.  These 
separate  areas  are,  in  fact,  very  close¬ 
ly  intertwined  since  use  is  made  of 
satellite  trajectories.  Thus,  future 
research  in  these  areas  will  depend  on 
parallel  advances  in  each  area. 

The  last  area  in  which  significant 
accomplishments  have  been  made  relate  to 
climate  and  environment.  The  question 
of  man's  impact  on  his  environment  is  no 
longer  unanswerable.  It  is  demonstrably 
clear  that  there  is  now  a  critical  need 
to  properly  assess  the  adverse  impact 
which  economic  development  and  industri¬ 
alization  have  had  and  will  have  on  the 
environment.  In  addition,  spacecraft  ob¬ 
servations  have  provided  useful  data  to 
understand  naturally  occurring  events-- 
for  example  the  extreme  El  Nino  event  of 
1982-83,  which  was  responsible  for  anom¬ 
alous  weather  patterns  throughout  the 
world.  A  critical  question  has  arisen 
in  connection  with  the  increase  in  the 
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concent  rat  ion  of  C02  in  the  atmosphere 
due  to  burning  of  fossil  fuel  and  defor¬ 
estation.  There  are  predictions  that 
the  ?,ean  global  temperature  may  rise  by 
jc  much  as  2  or  3  degrees  during  the 
next  50  years,  which  is  a  warming  com¬ 
parable  in  magnitude  to  the  change  from 
the  last  ice  age  to  our  present  climate, 
is;-  such  predictions  of  both  magnitude 
and  rate  of  change  are  not  yet  fully 

able  and  are  difficult  to  determine 
bee  it; se  of  the  naturally  occurring  vari- 
i  1  i  tv  of  the  Farth's  climate.  The  only 
answer  *  si  these  important  questions  is 
oeiul  and  continuous  monitoring  of  all 
•  !  :  m-.i *  ic  variables  such  as  mean  sea 
M  e !  ,  height  of  ice  caps,  atmospheric 
■  sit  ion,  and  so  on. 

European  Program 

Turing  the  last  20  years,  European 
:  r:  ry  has  developed  its  space  capa- 

b: lit  it  s  considerably.  With  respect  to 
l.aith  observations,  it  has  developed  a 
ME T EOS AT  satellite  with  a  sophisticated 
optical  payload,  the  SIRIO  and  MARECS 
communications  satellites,  with  a  pre- 
<’i se-t ime-dissemination  payload  LASSO, 
ind  the  STARLETTE  geodetic  satellite. 
France  is  developing  the  SPOT  satellite 
with  an  advanced  optical  payload,  and 
ESA  is  developing  the  ERS  1  satellite 
with  its  advanced  microwave  payload.  In 
addition,  individual  instruments  or  sub¬ 
systems  have  been  developed  for  flight 
on  a  number  of  US  missions. 

Since  the  Earth  sciences  require 
continuity  of  observation  and  permanent 
monitoring  of  the  entire  globe,  polar 
orbiting  or  geostationary  spacecraft  are 
essential.  Moreover,  a  multisensor  and 
a  multidisciplinary  approach  are  both 
necessary.  All  the  proposed  missions  in 
the  future  programs  also  require  ground 
truth  or  in-aitu  measurements  by  rockets 
to  calibrate  or  complement  these  remote 
sensing  observations  from  space.  There 
is  a  pressing  need  for  both  substantial 
international  cooperation  as  well  as 
strong  national  programs  within  mem¬ 
ber  states  to  complement  the  ESA  pro¬ 
gram  . 

In  the  first  of  the  proposed  pro¬ 
gram's  cornerstone  areas,  atmospheres, 
ESA  has  recently  decided  to  invest  in 
three  additional  operational  METEOSAT 
satellites  to  be  launched  in  1987,  1988, 
and  1  990.  This  is  expected  to  extend 
the  European  METEOSAT' s  service  to  the 
various  meteorological  offices  and  re¬ 
search  institution?  until  1995.  Opera- 
t  ion  of  these  satellites  in  Europe  will 
be  a  responsibility  of  the  EUMETSAT 
organization.  The  principal  task  for 
ESA  wi 1 !  be  the  development  of  a  second 
jenoration  METEOSAT  utilizing  more  ad- 
-.-a  r  red  instrumentation. 


In  the  second  cornerstone  area,  ESA 
has  a  near-term  future  mission,  FPS  1,  a 
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observations  be  continued,  but  an  im¬ 
proved  means  must  be  developed  for 
flight  in  a  follow-up  mission,  FPS  2,  to 
be  launched  in  approximately  1992.  The 
exploitation  of  the  ocean  and  ice  obser¬ 
vations  could  become  a  responsibility  of 
the  same  organization,  EUMETSAT. 

The  third  cornerstone  area--optical 
and  all-weather  land  observation--began 
with  the  successful  shutt le-SPACELAB 
flight  of  the  Modular  Optoe lectron i c 
Mult ispectra 1  Scanner  of  West  Germany 
and  will  continue  into  the  operational 
SPOT  program  of  France,  to  be  launched 
in  1985.  A  future  high-priority  mission 
representing  this  area  is  that  of  a 
Synthetic  Aperture-  Radar,  which  should 
be  launched  in  1994 — 1995  at  the  latest. 

The  last  area  of  interest  for  re¬ 
mote  observations  is  that  of  the  solid 
Earth.  Here  ESA  plans  the  development 
of  a  precise  point-positioning  geodetic 
satellite  for  Earth  dynamics  research 
(POPSAT)  .  While  some  of  this  payload 
could  be  accommodated  by  EURECA,  an 
early  flight  opportunity  on  a  shared 
launch  with  ERS  2  in  1996  is  considered 
ideal . 

The  above  key  measures  will  be 
augmented  by  Flights  of  Opportunity  on 
US  platforms  such  as  those  of  the  Na¬ 
tional  Oceanographic  and  Atmospheric 
Administration  or  the  National  Aeronau¬ 
tics  and  Space  Administration.  Since 
the  investment  of  the  ESA  member  states 
in  the  ERS  1  mission  will  peak  in 
1986-87,  the  new  missions  can  only  be 
considered  for  launch  in  the  decade  of 
the  1990s.  However,  there  is  a  critical 
need  for  the  scientific-technical  com¬ 
munity  to  be  properly  prepared  in 
advance.  The  launch  program  is  based  on 
use  of  the  expendable  launch  vehicle, 
ARIANE.  It  is  expected  that  the  program 
can  be  oriented  later  toward  use  of  the 
polar  platform  element  of  the  forthcom¬ 
ing  space-station  program.  However,  sev¬ 
eral  critical  questions  need  to  be  sat¬ 
isfactorily  resolved  before  it  can  be 
shown  that  this  is  cost  effective.  Among 
these  are  automatic  versus  manned 
servicing,  frequency  of  servicing,  and 
rendezvouz  concepts. 

The  proposed  ESA  program  is  felt  to 
be  both  balanced  and  integrated  and  to 
address  the  many  different  requirements 
in  the  various  Earth-observation  fields 
of  remote  sensing.  This  helps  to  pro¬ 
vide  a  good  balance  between  science  and 
applications.  The  proposed  program  re¬ 
quires  a  budgetary  level  of  220  million 
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accounting  units  (MAU)  by  the  end  of  the 
decaae  (one  A U  =  $0.81)  .  For  compari¬ 

son,  the  mandatory  science  program 
budget  will  reach  only  160  MAU  by  tho 
same  time. 

The  advisory  committee  for  the 
Earth-observation  program  was  chaired  by 
J.P.  Houghton  of  the  UK.  The  individual 
working  groups  and  their  chairmen  were: 
band  Applications  (J.  Eodechtel) ,  Ocean 
Color  (R.  Frasetto) ,  Solid  Earth 

(P.  Pacquet) ,  and  Atmosphere  (L.  Bengts- 
son) .  Copies  of  the  report  Looking 
/  a  ■<!.'. g  r  r  mat'd  (ESA  SP-1073', 
January  1985)  can  be  obtained  from  ESA, 
b-10  rue  Mario  Nikis,  75738  Paris  CEDEX 
15,  France. 


News  and  Notes 


ACOUSTIC  RADIATION  IMPEDANCE  STUDIES  AT 
IMPERIAL  COLLEGE 

Professor  Frank  Leppington  and 
Visiting  Professor  Harold  Levine  (Phys¬ 
ics  Department,  Imperial  College,  Lon¬ 
don)  have  recent  results  on  acoustic 
radiation  efficiency  and  added  mass  for 
asymptotically  large  values  of  nondimen- 
sional  wave  number.  I  recently  dis¬ 
cussed  with  them  theoretical  work  on  the 
calculation  of  acoustic  radiation  effi¬ 
ciency  and  added  mass  of  modes  of  a 
vibrating  panel  installed  in  an  infinite 
ba i fie . 

Levine  has  published  asymptotic 
formulas  for  radiation  efficiency  of 
simply  supported  panel  modes  at  high 
reduced  wave  numbers  (Levine,  1984).  It 
is  significant  that  he  worked  in  the 
spatial  domain  rather  than  in  the  wave- 
number  domain.  This  simplified  some 
quadratures.  Leppington  has  also 
established  similar  results  in  unpub¬ 
lished  work.  It  is  of  particular  inter¬ 
est  that  for  large  mode  numbers,  he  has 
found  the  radiation  efficiencies  at  high 
values  of  ka  greatly  exceed  unity.  Here 
k  is  the  acoustic  wave  number  and  a  is 
the  effective  diameter  of  the  panel.  The 
terms  are  of  order  log  ka .  Leppington 's 
results  were  in  apparent  contradiction 
to  my  theoretical  and  experimental  re¬ 
sults  regarding  the  mass  law  for  a 
finite  panel  (I.eehey,  1982).  After  con¬ 
siderable  discussion  we  determined,  how¬ 
ever,  that  the  matter  related  specifi¬ 
cally  to  the  evaluation  of  the  radiation 
efficiencies  of  the  nonresonant  modes 
participating  in  the  response  of  the 


panel.  In  my  case  the  excitation  was  by 
a  normally  incident  plane-  wave,  and 
this  response  therefore  dominated  by  the 
very  lowest  modes  of  the  panel.  How¬ 
ever,  had  a  point  excitation  been  used, 
it  is  quite  likely  that  a  higher  mode, 
one  for  which  the  log  ka  behavior  was 
important,  might  have  been  the  principal 
nonresonant  response. 

Leppington  has  also  completed  a 
very  recent  paper  in  which  he  evaluates 
asymptotic  results  for  large  wave  number 
for  a  panel  that  is  clamped  at  the  edges 
(Leppington,  1984).  The  lead  term  yields 
an  increase  of  3-dB  radiation  efficiency 
over  that  for  simple  supports.  This  is 
well  known,  but  additional  terms  have 
been  determined  by  Leppington. 

Leppington  and  Levine  are  jointly 
participating  in  research  in  two  addi¬ 
tional  areas: 

1.  They  are  calculating  the  radia¬ 
tion  from  vibrating  bodies  in  a  mean 
flow.  This  is  a  different  approach  from 
that  used  by  Dowling  and  Ffowcs  Williams 
(1983).  They  feel  that  the  work  of  Dowl¬ 
ing  and  Ffowcs  Williams  is  somewhat  com¬ 
plicated  and  are  endeavoring  to  evolve 
simpler  formulations  stemming  from  some 
work  of  K.  Taylor  (1978).  Basically, 
this  work  involves  the  use  of  pointwise 
Lorenz  transforms.  It  is  valid  present¬ 
ly  only  for  steady  mean  flows. 

2.  They  are  also  commencing  work 
on  the  basic  theory  of  porous  or  fibrous 
materials  used  for  sound  absorption. 
They  are  particularly  interested  in  the 
case  where  the  material  is  near  a  vibra¬ 
ting  plate  or  panel  and  where  the  mate¬ 
rial  itself  undergoes  vibration. 
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UK  SETS  UP  SPACE  CENTER,  GIVES  L7M  TO 
rt'BOPEAN  PROJECTS 

The  UK  is  planning  to  set  up  a 
British  National  Space  Center  to  improve 
the  development  of  space  technology  and 
to  coordinate  space  policy  more  effec¬ 
tively.  This  move  comes  at  the  same 
time  as  a  government  decision  to  spend 
fe7  million  ($8.1  million)  over  the  next 
2  years  on  feasibility  studies  for  Euro¬ 
pean  space  projects  in  the  COLUMBUS 
program . 

The  center  will  help  manage  any 
contribution  the  UK  makes  to  COLUMBUS, 
the  space  platform  that  is  to  be  part  of 
the  US  manned  space  station.  According 
to  7'he  7'"ico  (London,  30  January  1985), 
space  experts  ir.  the  UK  are  eager  to  use 
this  unmanned  platform  for  experiments 
in  microgravity  and  for  Earth  observa¬ 
tion  missions. 

At  the  European  Space  Agency's 
(ESA)  Council  of  Ministers  meeting  in 
January,  the  UK  recommended  that  Europe 
respond  positively  to  the  US  invitation 
to  participate  in  the  space  station  pro¬ 
ject.  Geoffrey  Patt.ie,  UK  Minister  of 
State  for  Industry  and  Information  Tech¬ 
nology,  said,  "Thu  British  contribution 
in  Europe’s  COLUMBUS  program  will  be 
distinctive  in  that  we  are  aiming  to 
lead  on  the  design  of  space  platforms. 
This  element  of  the  program  has  been 
chosen  because  of  its  commercial  promise 
and  because  it  is  particularly  suited  to 
the  needs  of  British  users." 

Pattie  said  the  UK's  new  space  cen¬ 
ter  is  needed  because  "the  responsibil¬ 
ity  for  space  has  been  scattered  around 
government  departments,  academic  insti¬ 
tutions,  and  industry.  There  is  clearly 
a  need  for  a  much  sharper  focus  for 
Britain's  space  effort." 

For  background  on  the  ESA's  long¬ 
term  plans  in  space  science  and  on  the 
January  Council  of  Ministers  meeting, 
see  .  .  .V  39-4:  169-173  (1  985). 


SPECIAL  ISSUE  ON  SCHOOL  PSVCHOLOGY 

The  7  k  t.  p  r  jl  ‘  i  or. a  l  H e  v i  n ■  c  f  A  p :  1  id 

.■y  Ir.jy  has  devoted  its  first  number 
of  1985  (Vol  34,  +Io.  1,  January  1985) 
to  school  psychology,  with  particular 


emphasis  on  the  French-speaking  world. 
Contributions  include:  a  review  of  the 
origins  and  early  days  of  scientific 
psychology  in  education  theory;  the  psy¬ 
chologist's  influence  on  teachers  and 
the  teaching  process;  measuring  class¬ 
room  climate;  effects  on  performance  of 
teacher  evaluative  comments  in  guided 
discovery  learning;  attitudes  toward 
mathematics;  interactive  regulatory  pro¬ 
cesses  in  small  groups  working  on  mathe¬ 
matics  games  without  toachers;  interac¬ 
tion  in  learning  groups  and  the  develop¬ 
ment  of  measuring  skills;  assessment  of 
listening  skills;  hypothesis  formation 
and  revision  during  the  process  of  read¬ 
ing  comprehension;  the  social-psycholog¬ 
ical  impact  of  school  selection  and 
failure;  the  causes  of  success  and 
failure  in  primary  schools.  Five  contri¬ 
butions  come  from  French-speaking  Bel¬ 
gium,  three  from  French  Switzerland,  and 
one  each  from  France,  French  Canada,  and 
England . 


Richard  F. .  Snov 
I/IF/SS 


NATO  ADVANCED  RESEARCH  WORKSHOP  ON 
STRESS  AND  TASK  DEMANDS 

NATO  will  sponsor  an  Advanced  Re¬ 
search  Workshop  on  adaptation  to  stress 
and  task  demands,  emphasizing  new  re¬ 
search  on  the  energetical  aspects  of 
human  information  processing.  The  meet¬ 
ing  is  scheduled  for  August  1985.  For 
details,  contact  Dr.  G.R.J.  Hockey, 
Department  of  Psychology,  University  of 
Durham,  South  Road,  Durham  DH1  5YN,  UK. 


Richard  F.  Rnow 
■VlS/Sf 


COGNITIVE  PROCESSES  IN  STUDENT  LEARNING 

An  international  conference  on  cog¬ 
nitive  processes  in  student  learning 
will  be  held  at  the  University  of  Lan¬ 
caster  in  the  UK  from  19  through  21  July 
1985.  The  aim  is  to  bring  together  basic 
theory  and  research  in  cognitive  psy¬ 
chology  with  new  research  on  knowledge 
and  skill  acquisition  in  the  academic 
disciplines  of  college  1  eve  1  study.  The 
conference  is  sponsored  jointly  by  the 
Cognitive  Psychology  Section  of  the 
British  Psychological  Society  and  the 
Society  for  Research  into  Higher  Educa¬ 
tion.  Proposals  for  papers,  symposia. 
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k  i  ••••oorRAN’  anneal  conference  on 
■Qtu\n  n  making  and  manual  control 

The  Fifth  European  Conference  on 
Fur  dr.  Making  ar.d  Manual  Control 

will  held  f  rnr,  3  *  h rough  5  June  1985 
i;i  iv.-o*  Fr-rlin.  It  i;  organized  this 
year  by  the  Institute  of  Automotive 
Kng  in.  r  i  nc  of  t  tie  Technical  University, 
he»  :  i;.,  West  lie many .  The  meeting  and 
betel  \n'i  lilies  are  at  the  Conference 
Center  V:  !  i  dorsig,  Re  i  herwerrier ,  at 
*•  he  lake  i  f  Tecjf  1  in  North  Berlin. 


will  include:  man-machine  inter¬ 
act  ion,  it... r:- computer  ■  nteraction,  manual 
••  rol  ,  supervisory  control  in  deci- 
s :  (o-nkirg  ml  fault  management,  human 
;  •  ;  ‘‘ormance- ,  and  modeling.  There  will  be 
..pedal  er-ph.isis  or. :  industrial  process 
■out.!'  1;  hardware  ar.d  software  human 
lectors,  vhjole  control,  manipulators, 
md  rehab ' 1 . t a t ion .  For  information  and 
regi  stt  at.  ior  ,  contact  Institut  fur 
Fuh  rzougteehn  i  k  ,  Toe  hr  i  sche  t.'niversi  tat 
Berlin,  Sokr .  K 1  ,  Strjsso  des  17  Juni 
115,  D- 1 3  Of;  Berlin  37,  Federal  Republic 
ot  Germany. 


BRITISH  PSYCHO!.  i,V  I  1  '■  V E Y 

The  British  Psychological  Society 
has  taker,  over  the  continuing  publica- 
*  ion  or  this  series.  The  current  volume 
; -r  .■  .  <■;.  Each  chapter  of 

'id.  volume  aims  to  describe  for  the 
n  rcri]  psychological  community  the  cur- 
r«T.‘  state  o:  research  and  theory  in  a 
f  •>:  t  icul.ir  domain  of  inquiry.  The  vol- 

an  part  icularly  useful  for  keepinq 
s;  •  date  with  Biitish  psychology. 


A  NFW  JOURNAL  Fop  ropMTCRON  SCIENCE 

A  bimonthly  journal  entitled 
,  .•  .  >  .  ■  •  •••■  ■ '  •« /••••••  has 

!  just  launched  by  Academic  Press 

(F.C  :  fir  1  ar.<io  ,  F  lor  ida  ,  17887;  Europe: 

.  -  oval  Road,  London  NW1  DX)  . 


Then,,  aie  ♦  w<  >  far.i-j  fa*  in;  phenomena 
oi  chance  in  scale  that  ■  -  irv.c  t-  oqet  he  r  in 
'he  birth  u:  this  pe  r  i  or  i  ru  1  .  For  one 
thing,  m  i  et  cn.in  iut  ui  j  ring  his  dominated 
the  scene  for  many  years  now,  not  only 
in  information  and  communication  tech¬ 
nology  ,  but  also  in  rather  tunic  areas 
of  physico-chemical  research.  On  the 
other  hand,  a  less  joyous  proliferation 
in  the  number  of  very  strongly  special¬ 
ized  research  journals  can  be  also 
o'  rved .  In  any  case,  we  have  now  a 
st  _>ngly  focused  journal  that  concen¬ 
trates  on  submicron  structures. 

By  the  very  nature  of  the  proper¬ 
ties,  basic  theory,  manufacturin')  pio- 
cesses ,  and  applications  of  such  struc¬ 
tures,  the  journal  is  interdisciplinary 
and  covers  areas  of  physics,  chemistry, 
materials  science,  electrical  and  opti¬ 
cal  engineering,  computer  elements,  sen¬ 
sors,  circuits,  device s--all  based  on 
the  peculiar  world  ot  submicron-dimen¬ 
sion  systems.  These  are  particularly 
important  in  semiconductors.  To  cite 
just  one  example,  super  la 1 1 i ces  —  that 
is,  semiconductor  crystalline  materials 
where  an  artificial  extra  periodicity  is 
imposed--exhibit  remarkable  quantum  pro¬ 
perties  that  may  revolutionize  the  tech¬ 
nology  for  the  fifth  generation  parallel 
computing  machines. 

However,  the  new  journal  will  cover 
not  only  semi  conductor s  but  also  materi¬ 
als  which  have  metallic,  insulating,  and 
suriTconducting  properties.  It  will  pub¬ 
lish  articles  on  the  electronic  and 
mechanical  properties  of  synthetic 
structures  as  well  as  on  the  transport 
and  dynamical  properties  of  heterogene¬ 
ous  solids.  Articles  on  microstructures 
dealing  with  surface  physics,  crystal 
growth,  interface  phenomena,  devices, 
and  all  applications  are  encouraged. 

The  subscription  price  is  R75  or 
$132,  and  sample  copies  can  be  requested 
from  the  Journal  Marketing  Department  of 
Academic  Press. 

Paul  Pt'” an 
r.  /  1  ■  ,  c  . 


ONRL  COS PON BOR ED  CONFERENCES 

ONR,  London ,  can  nominate  two  cgi- 
st rat i on- free  participants  in  he 
conferences  it  supports.  Readers  w.  a 
are  interested  in  attending  a  conference 
should  write  to  the  Scientific  Director, 
ONRL,  Box  39,  FPO  New  York  09510. 

The  Role  of  DNA  in  Brain  Activity, 
Naples,  Italy,  77-79  May  1985. 

Growth  Factors  in  the  Nervous 
System ,  Oxford,  UK,  3-5  June  19R5. 
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First  European  Conference  for 
Research  on  Learning  and  Instruc¬ 
tion,  Leuven,  Belgium,  10-13  June 
1985. 

Seventh  International  Symposium  on 
*■  he  Mathematical  Theory  of  Networks  and 
Systems,  Stockholm,  Sweden,  10-14  June 
1  9  8  5. 

Influence  of  Electric  and  Electro¬ 
magnetic  Fields  on  Biological  Structures 


Symposium,  Bologna,  Italy,  24-29  June 
19  8  5. 

Inaugural  Meeting  of  the  European 
Society  for  Cognitive  Psychology, 
Nijmegen,  The  Netherlands,  9-12  Septem¬ 
ber  1985. 

Technological  Application  of 
Bilayers,  Vesicles,  and  Langmuir-Blod- 
gett  Films,  Denerja,  Spain,  25-29 
November  1985. 


EUROPEAN  VISITORS  TO  THE  IJS  SPONSORED  BY  ONR ,  LONDON 


Visitor  Areas  of  Interest 

hr.  Philip  A.  Hayes  Thermal  Physiology 

:  :.y.  r;  nmental  Sciences  [  iv. 
h.y.M!  Air  Force  Inst,  cl 
A v  ut  i .  r,  Fed  i  c  i  nr- 
i'jni'ToUiih,  Hants  GU14  bSZ 


Professor  Kenneth  Easterling  Metallurgy /Ceramics 

University  of  Lulea 
R7  I.ulea 

Sweden 

Arnold  Bohrer  Military  Personnel 

Eekruterings  on  Psychology 

Selectiecertrum 
fee'  io  Psychologisch 
Onderzo*ik 

Kazerno  Klein  Kastoelt je 
9de  I.inielaan 
1000  Brussels 
Pel  a  i  uiD 


Organizations 
to  be  Visited 

Hyperbaric  Medicim 
Program  Center 
Naval  Medical 

Center,  Bethesda 
(June  19H5) 

Univ.  of  Texas 
at  Austin 
(June  1985) 

CNRHQ 

(18  July  1985) 

DTNSRDC 

(19  July  1985) 

NAVPERSRANDCEN 
Univ.  of  Minn. 
ONRHQ 

(Aug. -Oct.  85) 


Want  Information? 
Contact  at  ONRL 

f'Dp  A.  Manaluysay 


Kenneth  Challenger 

James  W.  Daniel 


SCIENCE  NEWSBRIEFS  FOR  FEBRUARY  AND  MARCH 

The  following  issues  of  Soiencp  Xcwebrief  were  published  by  the  ONR,  London, 
Scientific  Liaison  Division  during  February  and  March.  Science  Nevsbr:.pf  provides 
concise  accounts  of  scientific  developments  or  science  policy  in  Europe  and  the 
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3-7  International  Conference  and  Exhibition  on  Advances 

in  Command,  Control,  and  Communication  Systems,  by 
Paul  Roman. 


3-8 

Physical  Chemistry  Meeting  Set  for 
David  Venezky. 

Strasbourg , 

by 

3-9 

Meeting  on  Fast  Reactions  in  Solution 
UK,  by  David  Venezky. 

To  Be  Held 

i  n 

3-1  0 

AMPTE  Space  Mission  Has  Setbacks, 
Norman  F.  Ness. 

Successes , 

by 

3-1  1 

Scottish  Firm  Set  Up  To  Develop  New 
lease  Systems  Based  on  Hydrogels, 

Cont  ro 1 led- 
by  Thomas 

Re- 

C. 

Rozzell . 

3-12  Ocean /Atmospheric  Research  Group  Formed  in  UK,  by 

LCDR  Rich  Kelley. 
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FEBRUARY  MAS  BULLETINS 

The  following  Mi  l  *'  taru  App  l  i  cations  .-'urrary  <  MA '  Bullet  :>:/?  were  published  by 
the  ONR,  London,  Military  Applications  Division  during  February.  The  ru’^etin 

is  an  account  of  naval  developments  in  European  research,  development,  test,  and 
evaluation.  Its  distribution  is  limited  to  offices  with  the  US  Department  of 
Defense.  DoD  organizations  should  request  copies  of  the  Pul  'el  inn ,  by  number,  from 
ONR,  London. 
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Outboard  Hydraulic  Drive  Combination  Rudder-Pro¬ 
peller 

European  Aerospace  Update 

Dornior  Advanced  Technology  for  Next-Generation 
Stand-Off  Missile  Systems 

Nor tnrop/Dornier  Next  Generation  Fighter  Aircraft 
Technology 

Self-Foaming  Fire  Agent 

MM- Imaging  Radiometry  Developments  at  DFVLR  in  West 
Germany 

Edinburgh  Instruments  Ltd.  Infrared  Lasers  and  Laser 
Accessories 

Experimental  SAR  Developments  at  DFVLR  in  West 
Germany 

Swedish  Meteorological  and  Hydrological  Institute 
(SMHI ) 

New  Polar  Research  Organization  in  Sweden 
Ocean  Surface  Current  Rada  (OSCR) 

Meteorological  Systems  From  a  Swedish  Company 
Remotely  Piloted  Vehicles  (RPV)  Conference  in 
Bristol,  UK,  9-11  September  1985 


ONRL  REPORTS 

To  request  reports,  check  the  boxes  on  the  self-addressed  mailer  and  return  it 
to  ONR,  London. 

C-l-85  Third  European  Congreve  on  Biotechnology ,  by  Claire  E.  Zomzely-Neurath .  The 
Third  European  Congress  on  Biotechnology  was  held  in  Munich,  West  Germany, 
from  10  through  14  September  1984.  This  report  examines  trends  in  biotech¬ 
nology  suggested  by  the  congress  as  well  as  the  congress  papers  on  thermo¬ 
philic  microorganisms,  biosurfactants,  immobilized  cells  and  enzymes, 

applied  genetics,  food  and  feed  bioprocesses,  and  fine  chemicals  and 

pharmaceuticals — bioprocesses  and  down-stream  processing. 

C-2-85  Sixth  International  Conference  on  Fracture ,  by  Kenneth  D.  Challenger.  The 
Sixth  International  Conference  on  Fracture  was  held  in  New  Delhi,  India,  in 
December  1984.  This  report  discusses  work  on  the  mechanisms  of  fracture, 
mechanics,  fracture  of  nonmetallic  materials,  composites,  and  dynamic 
fracture.  US  and  UK  scientists  and  engineers  are  setting  the  pace  for 
development  in  the  field  of  fracture,  but  there  are  major  research  programs 
in  Japan,  Australia,  France,  West  Germany,  India,  and  China.  The  use  of 
fracture  mechanics  for  safety  analysis  and  residual  life  estimation  is 

widespread,  but  its  use  in  design  is  still  quite  limited. 
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